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EXECUTIVE SUMMARY

Egypt’ s population isincreasing, and the demand for food is growing. A major challenge for the
future is managing the country’ s food production capacity and other sources of food supply. This
strategy requires reliable and timely information on which to base policy decisons. Whedt is a
major food staple. Annual consumption is between 12 and 13 million tons or about 190 kg per
capita. Currently, domestic production accounts for about half of the need, and the remainder is
imported.

Thereare several reasonswhy forecasting wheat yield and production are very important to Egypt:
1) The GOE operates amajor program to produce and distribute subsidized baladi bread and flour.

It buyswheat from farmers, and a so imports large amounts of wheat from abroad. Thusthe GOE
could benefit from early information on production that could be used in estimating both its
procurement quantity and its import requirements, 2) There may be some price cycles in world
markets. Having estimated production and itsimport requirements, the GOE might be ableto take
advantage of lower import prices at certain times of the year, 3) Large commercial wheat millers
and wheat importers have amajor interest in information on wheat production. Whilethey are not
allowed to purchase domestically produced wheat, the amounts produced by farmers and bought
by the Government will influence the amount to be imported by the private sector and 4) Small
wheat traders and grinders purchase wheat from farmers. These individuals also have a strong
interest in knowing how much wheat islikely to be produced. Many small traders trade a variety
of commodities, changing their operations depending on the supply and demand conditionsfor each
commodity. Early information about wheat production will allow them to focus on those
commodities where their services are most needed.

The main objectives of this study were to:
. Assess the quality of wheat yield forecasts being made in the MALR, and
. Recommend an appropriate method(s) to be adopted by the MALR.

It should be mentioned that this study was not intended to produce reliableforecasts of yield for the
current year, but to test the methodology and procedures for early season forecasting.

The study team visited Noubaria and six governorate sampling offices, Kafr El Sheikh, Gharbia,
Beheira, Fayoum, Beni Suef, and Assiut in November and December 1999 to assess existing whest
yield forecasting procedures. The team also visited four agricultural research stations: Sakha,
Gemmiza, Noubaria and Assiut.

During these visits sampling office officials were asked to comment on survey activities (including
forecasting), procedures, training, and cooperation with other government offices, resource needs,
and level of support. Researchers at the stations responded to questions about their willingnessto
assist with the training of sampling office enumerators in preparation for the pilot field survey, and
in setting up training facilities at the stations. Farmers, extension agents and the director of a
cooperative werea so interviewed. Theteam'’ sassessmentsare based on documentsfrom previous
studies, interviews, opinions, observations and MALR institutional knowledge.
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Withthe strong support of EAS, pilot program was conducted in the six governoratesand Noubaria
to test potential data collection methods for objective yield forecasting. The governoratesin the
study, Sharkia, represent the major wheat growing areas and produce the three genotypes of wheat
grownin Egypt. Noubariawasincluded to represent the New Lands. Plotswerelaid out in sample
fieldsin late January and revisited during the last 10 days of February, March and April to collect
plant counts and measurementsto drive the forecast models. The plotswere harvested for thefinal
yield calculation when the plants reached maturity.

Findings

The needs for reliable and timely statistics on whest, particularly pre-harvest yield forecasts, have
outgrown the capabilities of the present system. The crop-cutting experiment system has remained
virtually unchanged for many years. Although past attempts at yield forecasting have been short-
lived, the time seems right to begin such a program on a national scale.

Sampling, Data Collection, Processing and Review. The sample size for the nationa crop-
cutting exercise is extremely large. Data collection is a lengthy and |abor-intensive process that
produceslarge volumes of datato be handled. Processing isdone by hand, and review and checking
procedures are inconsistent. Frequent and sometimes large changes are made in the estimates as
they moveto higher levels. Asthereview movesfarther away from the data source, changes likely
reduce accuracy. Changes usually raise the estimates.

Quality and Timeliness of Estimates. A single annual yield estimate, based on crop-cutting
surveys, is made in the governorates at the district level and forwarded to EAS. The large sample
Size should support accuracy. Estimates are available too late to be of maximum benefit to data
users. The area estimate usually is published in May, and the yield estimate is available severa
weeks after the harvest isfinished. No quantitative measures of the quality of wheat estimates are
undertaken.

Yield Forecasting Procedures

. There is no current program for forecasting wheat yield before harvest.

. EAS has shown arenewed interest in pre-harvest forecasting as away to improve statistics
on wheat.

. Governorate sampling office staff demonstrated the willingness to learn the new
methodology and the ability to carry out the survey procedures when properly equipped and
trained.

. Meanwhile, researchersfrom theagricultural experiment stations provided valuabletraining

in the characteristics and growth habits of wheat and factorsthat affect productivity. Their
assistance prepared field enumeratorsto better understand and interpret conditionsthey saw
in the field. The researchers aso provided helpful insights into factors that need to be
researched in the future as possible indicators of potential yield.

viii



Using the objective yield methods demonstrated, forecasts can be made asearly asthe end
of January to reliably project final yield. However, forecasts become morereliable asthe
crop advances toward maturity.

Training. Training was one of the needs mentioned most frequently by the governorate staffs.
MALR staff are generally under-trained and at al levels are doing work for which they are not well
trained. Many agricultural engineers with long service records have had little or no training in
applied statistics or survey methodology. As new engineers come on board, their only training is
“onthejob”. Thisisasound concept, but its effectivenessis reduced because of the low skillsand
knowledge level of existing employees, and it tends to perpetuates any erroneous practices and
procedures. The MALR needsto develop anin-servicetraining program for agricultura engineers
at the governorate level.

Equipment, Supplies and Support. Transportation, field equipment, office equipment and
availability of office supplies need to be upgraded. A shortage of adequate transportation delays
the completion of fieldwork. Much of the survey equipment isold, in poor condition and too heavy
to carry to the field, especialy if the enumerator is traveling by motorcycle. Office equipment is
amost nonexistent in most offices. Items such as calculators and adding machines could greatly
improve accuracy and work flow.

Recommendations

The recommendations are slanted toward equipping and structuring MALR for crop forecasting.
However, the entire statistics program would benefit from their adoption.

Adopt ObjectiveYield Methodsfor Pre-Harvest For ecasting of Wheat Yield. Objectiveyield
methodology and procedures are valid for yield forecasting in Egypt and should be adopted all over
the country asthe mainindicator of pre-harvest yield levelsfor wheat. The samplesizeissmall, but
statistically valid, and the turnaround timeis short for data collection. The forecasts do not replace
final estimates from crop-cutting surveys, but enhance their usefulness.

Initiate an Intensive Training Program. Intensive training will be needed to successfully make
the transition to crop forecasting. The proposed training program in this report is designed for
personnel in all statistical organizations, but focuses on the needs of MALR. It includes genera
training in applied agricultural statistics and specific courses on objective survey operational
procedures for selected groups of employees based on their area of responsibility. One courseis
to help managers and policy makers better understand the need for, and uses of, statistics.

Structure MALR for Crop Forecasting. Shifting more responsibility to the governorate offices
would improve operationa efficiency and exploit field staff knowledge of local conditions.

. Organize and train staff for specific functions. Many functions must be going on
simultaneously to meet the tight time schedule from pre-survey planning to release of the
estimates. Officesneed to be organized to handle the workflow, and staff trained in specific
operational procedures. The sampling staff would have responsibility for, and be equipped,
for training the governorate personnel.



. Establish survey schedules and release dates.  Datarequirements should drive the program.
Set dates for public release of forecasts and estimates and develop the survey schedule to
support those dates.

. Select samples at the governorate level. Each governorate is a domain in the sampling
process. Governorate staff should be trained to compute optimum sample sizes and select
the samples to derive maximum benefit from their knowledge of local conditions.

. Equip governorate offices with computers. Large amounts of data must be processed in
short periodsto support objectiveforecasting. Execution of theforecasting modelsrequires
relating current survey data to huge historic databases. It would be impracticable, if not
impossible, to make these calculations by hand in atimely manner. Setting up regional data
processing centersis an alternative to placing computersin all offices. However, the best
possible situation would be for each governorate to do its own data processing, and this
should be the long-term goal.

. Enter, review and analyze survey data, and make estimatesin the governorate offices. The
restructured governorate offices will be capable of completing all functions from sample
sel ection to making estimateswhen properly trained and equipped. Thelocal staff areinthe
best position to know about conditions affecting the survey results that need to be
considered in the data review and analysis.

. Publish areaestimates earlier to enhance the value of early seasonyield forecasts. Both area
under wheat and the yield are needed to determine total production.

. Supervision and quality control. A strong quality assurance program is necessary to assure
that proper procedures are being followed. Regional field supervisor positions need to be
established to oversee the field and lab work. One supervisor could adequately take care
of two or three governorates. The result would be a better-trained staff, improved work
flow, greater accuracy, and ultimately, better data quality.

. Refine the program of salary incentives. The MALR has begun a program to base salary
incentives on the difficulty of engineers' job assignments and level of performance. Refine
and expand this program.

I nvestigate an Appropriate Sampling Plan for Crop Forecasting. The sampling plan used in
the past for selecting forecasting samplesis not adequate. The multistage sampling procedure now
being used for crop cutting requires that sample units be alocated to every stratum in the sampling
frame. This procedure results in alarger sample than is needed to achieve reliable survey results
because of the large number of strata in the existing sampling frame.

Expand and Strengthen Cooperation with Other Government Organizations. The study
derived valuable benefits from cooperating with the agricultural research stations on training.

Local agricultural extension agents have the best knowledge about local conditions and could help
field enumerators locate farmers and fields. The cadastral maps in the agricultural cooperatives
could also be used to locate farmers and be of assistance in subdividing selected PSUs and parcels.



Research and Development in Applied Agricultural Statistics. Involve AERI in applied
research to refine and devel op statistical modelsand operational procedures. AERI staff should be
regular participantsin survey training programs and could teach the statistics courses proposed in
Chapter 6.

Discontinue Incentives for Achieving Higher Yields or Predetermined Targets. Thisis a
disincentive for accuracy and integrity of estimates and tends to encourage an upward bias in the
data.

Topicsfor Future Study and Resear ch
The team recommends that MALR:

. Conduct a study on the modeling response to long-spike wheat varieties. Long-spike
varieties are unique for their large number of spikelets, number of grains per head, and high
weight per grain among the three genotypes of wheat grown in Egypt. The characteristics
of bread wheat and Durum varieties are smilar and respond the sameway in the forecasting
models. However, nothing isknown about the response of long-spike varieties, and it needs
to be studied.

. Calculate the cost/benefit ratio of crop forecasting. Forecasting surveys are an added cost
to statistics programs. Although adequate benefit to justify their use is assumed, research
could compare cost to the resultant benefits.

. Investigate Alternative Modeling Variables. Several plant characteristics thought to be
correlated with one or more of the components of yield were measured during the monthly
field visits. Thesefactors need to be studied to determineif any are stable indicators of the
components of yield.
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1. INTRODUCTION

Egypt’ s population isincreasing and the demand for food isgrowing. Managing the country’ sfood
production capacity and other sources of food supply isamajor challenge for the future. Limited
land resources are a constraint to large increases in domestic production. Shifting area to food
crops from cash crops, and imports are the clearest options available to policy makers. Both of
these strategies require reliable and timely information on which to base policy decisions.

1.1  Study Context and Problem

Wheat isamajor food staple for Egypt. Annual consumption is between 12 million and 13 million
tons. Currently, domestic production accounts for about half of the need and the remainder is
imported. During the decade of the 1990’ s, imports remained fairly constant at around six to seven
million tons ayear. Theincreasein demand due to population growth during this ten-year period
was offset by a steady increasein production. If increasesin production can continue to satisfy the
demand created by population growth, and per capita consumption remains basically unchanged,
imports should continue at about six to seven million tons a year for the next few years.

Government decision makersand privatetraders need reliableinformation about expected domestic
production as early as possible as they make decisions regarding purchases and imports. Currently
the final estimate of production is not available until several weeks after harvest is finished, and no
organized attempt is made to forecast production before harvest. Therefore, as they attempt to
make management decisions, managers and traders, both government and private sector, seek
information from many different sources. Dueto thelack of reliable official information, datausers
often turn to speculative sources with no basisin fact for guidance.

Thelack of reliableinformation a so worksto the disadvantage of farmers. Wheat pricesare usually
at their low for the year at harvest time. Farmers that have no place to store their grain, and need
cash from the sale of the crop, often take whatever price is offered. Reliable public forecasts of
production could help to stabilize prices around harvest time.

It was in this context that the study to evaluate existing forecasting practices and recommend
alternative methods was undertaken.

1.1.1 Relative Importance of Wheat to the Egyptian Economy

Wheat has been considered the first strategic food crop for more than 7000 yearsin Egypt. It has
maintained its position during that time as the basic staple food in urban areas, and mixed with
maize, in rura areas for bread making.

In general, over 30 percent of the caloric intake isfrom wheat flour products, primarily bread. The
Government of Egypt has subsidized bread consumption for decades as a way to raise nutritional
levels and to benefit low-income families. In addition, wheat straw is an important fodder.

Wheat yields have tended to increase gradually over the past five decades. Wheat production
increased from 1.3 million tonsin 1950 to 1.9 million tonsin 1980. However, the production was
far below what was needed to meet the demands of the growing population. The annual per capita
consumption of wheat has been estimated at about 200 kilograms. The population growth rate of



2.9 % annually, between 1965 and 1980, and 2.6% in the decade of the 1980’s, was not matched
by smilar increases in whesat production. This resulted in a three-fold increase in wheat imports
fromthemid-1970s. Therefore, increasing wheat production hasbecomeanimportant national goal
to reduce the amount of wheat imports, save foreign currency, and provide enough food to meet
increasing domestic demand. To addressthese challenges, avigorousresearch program was started
to improve genetic potential, develop new production systems, and introduce wheat to new
reclaimed aress.

Drastic changes have occurred in wheat cultivation during the past 20 years. Large increasesin
grain yield per unit area and total production have been realized since 1987. Area under wheat
increased from 600,000 hectares in 1987 to 1.0 million hectares in 1999. In the old lands, the
average grain yield increased from 4.6 T/Ha in 1987 to 6.8 T/Ha in 1999. As a result, total
productionintheoldlandsreached 5.6 million tonsin 1999 compared with 2.8 million tonsin 1987.

Since 1990, wheat cultivation wasintroduced to the newly reclaimed desert lands. Itsareareached
over 150,000 Hain1998, producing 653,000 tons, with ayield average of 4.2 T/Ha. In 1999, the
averagegrainyield reached 5.3 T/Ha. These effortsincreased the total area under whest to about
one million hectaresin 1999 and the national yield averaged 6.3 T/Ha, resulting in total production
of 6.3 million tons.

The results of these changes were declines in wheat imports from 7.2 million tons in 1987 to 6.6
million tonsin 1990, and to 6.0 million tonsin 1999 despite the growing popul ation that increased
by about 18 million from 1980 to 1999. (See annex B for atime series of wheat area, yield and
production for 1981-99 in the old lands, and 1990-99 in the new lands, respectively.)

1.1.2 Importance of Wheat Forecasting to Egypt
Thereare several reasonswhy forecasting wheat yield and production are very important to Egypt:

. The GOE operates amajor program to produce and distribute subsidized baladi bread and
flour. It buyswheat from farmers, and also imports large amounts of wheat from abroad.
Thus the GOE could benefit from early information on production that could be used in
estimating both its procurement quantity and its import requirements.

. There may be some price cyclesin world markets. Having estimated production and its
import requirements, the GOE might be able to take advantage of lower import prices at
certain times of the year.

. Large commercial wheat millers and wheat importers have a major interest in information
on wheat production. While they are not alowed to purchase domestically produced
wheat, the amounts produced by farmers and bought by the Government will influence the
amount to be imported by the private sector.

. Small wheat tradersand grinders purchase wheat from farmers. Theseindividualsalso have
astrong interest in knowing how much wheat islikely to be produced. Many small traders
trade a variety of commodities, changing their operations depending on the supply and



demand conditions for each commodity. Early information about wheat production will
alow them to focus on those commodities where their services are most needed.

1.2  History of Wheat Forecasting in Egypt

Wheat objectiveyield surveysfor early season forecasting started in Egypt in 1985 with USAID’s
ADCAP funding for three years. The work started in Fayoum in 1985. Sharkia and Sohag were
added in 1986; and Dakahlia, Kafr El Sheikh and Assiut were added in 1987. Nothing was done
in any of the governoratesin 1988. An attempt was made to restart the work in 1989 for one year
and then activities ceased until 1993 when it was restarted under a modified program for research
purposes. All forecasting activities ended in 1998.

No records of any forecasting work were available except in Fayoum and the AERI. The Fayoum
Sampling Office has a complete set of the survey forms and data summaries for 1985 and 1986.
A summary of the AERI research studies for 1993 - 1998 was available to the study team and is
shown asin annex E.

1.3  Objectives of the Study
The main objectives of the study were to:

. Assess the quality of wheat yield estimates and forecasts being made in the MALR, and
. Recommend the appropriate method to be adopted by the MALR.

Tasks to be accomplished were to:

Assess the quality of short-term whest forecasting through:

Review of relevant documents

Discussions with MALR staff, and

Field trips to investigate data collection methods, equipment and materials.

Design and apply an improved forecasting method and compare the resultswith the MALR
crop cutting results.

. Recommend improvements in the methods used, including data requirements.
. Provide on the job training to MALR staff on implementing and operating the improved
methods.

1.4  Outline of the Study

The remainder of this report is divided into six additional chapters plus an Annex. Chapter two
overviews the objectives yield forecasting technique and the main components of wheat yield.
Chapter three covers the methodology used and outlines the implementation for the study. The
major activities and the forecast models are described. Chapter four reviews crop forecasting and
estimating in Egypt, including earlier attempts to introduce objective yield procedures for pre-
harvest forecasting. It includes a brief summary of the mgor activities and outputs, and an
assessment of each function.



Chapter fiveisan assessment of the methods proposed and tested in thisstudy. Chapter six outlines
the proposed changesto the existing system for crop forecasting. It laysout the structure, resource
requirements, and training needed to successfully implement the new program. Chapter seven
summarizes the main findings and recommendations of the study; several recommendations for
follow-on studies are aso included.



2. OBJECTIVE YIELD FORECASTING FOR WHEAT

Objective surveys have been the predominate methodol ogy for forecasting major crop yieldsin the
United Statesfor nearly 50 years, and have been introduced into several other countries during that
time. General experience and research indicated that objective surveysfor yield forecasting might
be suited to conditionsin Egypt.

2.1  Overview of the Forecasting Technique

Work in the mid-1980s, and research since that time, indicated that reliable and useful pre-harvest
forecasts of wheat yield could be generated from a relatively small sample of plots laid out in
wheat fieldsearly in the season. During scheduled periodic revisitsuntil harvest, researchers gather
specified measurements and counts from plants and fruit in the sample plots. Datafrom each visit
are used in forecasting modelsto project final components of yield based on the current counts and
measurements.

Methodology that is successfully used in other countries was adapted to conditionsin Egypt. The
basic concepts of objective yield pre-harvest yield forecasting have not changed since the method
wasintroduced inthe United Statesin the early 1950s, but sampling techniquesand field procedures
are constantly being refined. Conseguently, this study issimilar to the 1985 project in many ways
and includes some improvements in sampling, training and field procedures.

2.2 Componentsof Yield

The combined effect of the number of heads, number of grains per head, and weight per grain
determines wheat yield. These factors are the focus of plant breeders as they strive to produce
higher yielding varieties. The samethree characteristicsarethe mainitemsof interest to statisticians
in their work of forecasting yield.

2.2.1 Agronomic Perspective

Total yield of wheat per feddan is the combined effect of (1) number of fertile spikes per feddan,
(2) number of kernels per spike, and (3) weight of kernels, on the so called “yield-triangle.”

The number of spikes per feddan is considered the main contributor to the obtained grain yield, and
is affected heavily by cultural practices and how the crop is managed. This production factor
exceeds the combined effect of the other two production factors, i.e. number of kernels per spike
and kernel weight. Under Egypt’s conditions, the number of spikes ranges between 300-700/M?
with anational average of 400 spike/M?. Theyield averageis 17.8 Ardab/feddan (6.3 T/Ha) in the
old lands, and ranges from 12 - 28 Ardab/feddan (4.5 — 10.5 T/Ha).

Number of kernels per spike of the currently grown cultivars averages 60 kernels/spike in the
normal spikes cultivars, and 100 kernels per spike in the long spike cultivars. The 1000 kernel
weight ranges between 38 grams up to 72 grams in some long spike cultivars.



Each cultivar of wheat hasagenetically determined yield potential, but environment determineshow
closely actua yield approaches genetic potential. It isfairly certain that the full yield potential is
never achieved under field conditions, because at sometime during the growing season one or more
of the environmental factors is limiting. Moreover, any production factors which limits the
maximum contribution of any one or more of the yield triangle sides results in decreased yields.
The national whest yield average is relatively high inspite of a 20% gap between actual yield as
compared to potential yield. Management, lack of extension, small farm size, and poor cultural
practices contribute to the difference.

The modern high yielding varieties have been widely adopted in about 80% of the wheat growing
area. Farmers also take advantage of more efficient fertilizer use, better tillage techniques, more
appropriate crop rotation, adequate stand establishment, and weed and aphids control. Land
preparation with tractors, using drills, and mechanical threshing have aso been widely adopted.

Sowing date is one of the most important factors influencing maximum grain yield. Planting
through November does not affect the yield negatively in most Egyptian regions. Early November
planting is optimum for Upper Egypt, while planting around mid November is optimum for the
Deltaand Middle Egypt.

A dight increase in grain yield can be achieved by increasing seeding rates. The optimum seeding
ratesfor dry and wet planting is150 and 180 Kg/Ha, respectively. However, drilling graininto well-
prepared soil decreases the optimum seeding rate to 110 Kg/Ha. Chisel plowing, disc harrowing,
and dry-leveling produces maximum grain yields. Laser-leveling increases yield with all planting
methods.

Increasing nitrogen N level up to 250 Kg/Ha produces the highest grain yield under heat stress
conditionsinthe new landsthrough Upper Egypt. Intheoldlands, the highest economic grainyield
can be obtained by applying 180 Kg N/Haand P, O; at the rate of 35 Kg/Ha. Nitrogen application
should be split between thefirst irrigation (tillering stage) and the second irrigation (starting of stem
elongation stage). Early application at planting time is not necessary. However, the early dose
could be important for low fertility soils. Phosphorus should be incorporated to the soil before
planting.

Using five and six irrigations for wheat fields boosts grain yields by about 21 - 35 %. Two
irrigations before stem elongation increases grain yield by 11 - 22 %.

2.2.2 Statistical Perspective

Independent mathematical models can be used to forecast the three components of yield; number
of heads, number of grains per head and weight per grain. The head count model uses the number
of stalks, the number of late boot heads and the number of emerged headsto forecast heads that will
reach maturity. The number of fertile spikelets and grains per spikelet are used to forecast the
number of grains per head. Weight per grain is based on the historic average until the plots are
harvested and current year grain weight isavailable. Although the accuracy of the modelsincreases
as plant development moves closer to harvest, forecasting can start very early in the season based
only on the number of stalks.



2.3  Statistical Modelsfor Forecasting

The forecasting models have the following form:

Y, =a+bX +e

Where

Y, = number of heads or weight per head.

a = number of heads or weight per head when X equals zero,

b = the change in number of heads or weight/head for each unit increasein X,

X; = the independent variable from current field counts or laboratory measurements: number of
stalks, number of emerged heads, number of late boot heads, number of fertile spikelets/head,
graingheads or weight/head.

e = errors

GrossYield (GY)

GY =Y, * Y, * conversion factor

Where

Y, istheforecast number of heads.

Y, istheforecast kernel weight per head.

Final Weight Per Head Y, at 12.5% moisture

(Threshed kernel wt)* (1.0-kernel moisture content)
wa =

(Number of heads threshed) * (0.875)

2.4  Data Requirementsfor Modeling

Dataneeded for the mathematical models come from acombination of current and historic sources.
The only current data available early in the season is the number of stalks, and the models draw
heavily on historic databases. More of the historic datais replaced with current year counts and
measurements as the crop develops toward maturity. Final yield is computed using only current
data when the field is mature and the plots are harvested, Table 2-1.

24.1 Current Data
Counts and measurements from the field plots and laboratory analysis provide the current data

needed. The number of stalksin the sample plot isthe only observable characteristic early in the
season when plants are in the vegetative growth stag. Historic datais replaced by current counts



and measurements as the crop moves toward maturity. The plots are harvested and final yield is
computed using only current year counts and measurements when the plants are mature.

Other observations, counts and measurements are made during thefield visitsto gather information
useful in reviewing and analyzing the plot data.

2.4.2 Historic Data

Two major piecesof information used in early season forecasts must come from historic databases.
The number of heads at maturity isforecasted using (Preflag and flag or early boot maturity stage)
plant surviva ratios computed from historic survey data. Survival ratios are computed by dividing
the number of heads at maturity by the number of stalks at various early stages of maturity. The
weight of grain per head can be determined only after the plants are harvested. Therefore, the
number of grains per head is forecasted using number of fertile spikelets and number of grains per
spikelet. Historic average grain weight is used until the sample plots are harvested and the grain
weighed. At least three years, and preferably five years, of survey data are needed to compute
stable average survival ratios and average weight per grain.

25  Typesof Error

Some level of error is inherent in any human process. Two major types of error affect data
gathering andimpact survey results. Controlling both sampling error and non-sampling error should
be a prime consideration when designing and conducting surveys.

25.1 Sampling Error

Sampling error occurs when samples are used instead of complete enumeration to collect data.
Sampling error results from the variability among the sample units at each stage of sampling and is
inherent in the process, but can be measured, and controlled to a certain extent. By analyzing the
variance in sample data, a statement can be made about the precision of the estimate and confidence
limits placed on the estimate.

2.5.2 Non-Sampling Error

Non-sampling error is the result of inconsistencies in procedura operations. Some level of non-
sampling error is aways present but cannot be quantified. Unintentional mistakes in measuring,
counting, calculating and recording are afew of the sources of non-sampling error. Survey results
can aso be dtered by intentionally changing data or the processing procedures to bias the results
in a certain direction. Recognizing that non-sampling error is always present, establishing strict
quality control procedures, and increasing training of survey staff and education of data users, are
the best ways to improve data quaity.

Accuracy isvery important. Inthe relatively small (2m x 2m) wheat crop cutting plot, the loss, or
erroneous inclusion, of one head represents 1050 other heads, (2.1 kg.) at the feddan level. The
loss of 71 heads would reduce computed yield by one ardab/feddan.



Table 2-1: Summary of Existing Statistical Modelsfor Yield Forecasting and Their

Requirements

Maturity Stages

Final Number of Heads

Final Weight of Heads

Model | Independent Variable | Model | Independent Variable
1) Preflag
2) Flagor Early 1 Number of Stalks 1 Historical Average
Boot
3) LateBoot, 1 Number of Stalks 1 Historical Average
Emerged Heads,
Flowering
2 Emerged Heads + 2 Fertile Spikelets per
Headsin L ate Boot Head
(4) Milk 1 Emerged Heads + 1 Grainsper Head
Headsin
L ate Boot 2 Clip Unit Green
Weight per Head
(5) Soft Dough 1 Emerged Heads + 1 Grainsper Head
Headsin L ate Boot
2 Clip Unit Green

Weight per Hear

(6) Hard Dough

(7) Ripe

Actual Count of
Emerged Heads,
Detached Heads

Actual Threshed
Weight per Head
Adjusted to Standard
Moisture (12.5%)
Deter mined from the
Laboratory Work




2.6 Other Measurements and Observations

Information on some other factors correlated with yield was collected from the sample fields.
Observations about conditions in the field were aso recorded. The measurements of plant
characteristics are intended for use in research to improve and refine the forecasting models. The
information about field conditions should be helpful in reviewing and analyzing the survey data.

2.6.1 Main Characteristics Associated With Yield

Many plant characteristics are known to be correlated with final yield. However, factors that are
useful for forecasting must exhibit this relationship in the immature stages. The wheat researches
identified the following characteristics as potential indicators of one or more of the components of
yield. If any of these simple factors prove to be a reliable and stable indicator of one of the
componentsof yield, it could streamline the forecasting process. Severd years datawill be needed
to determine if any of the factors are useful indicators of final yield.

Plant height - agronomists use plant height as an indication of head weight. Measurements of
the height of plants from the ground to the top of the head, excluding the awns were taken at
several places near the plot and the average recorded.

Flag L eaf Area - the width of flag leaves, at the widest point, and the length of the flag leafs,
fromthe main stem to itstip, were measured on several plants and the averagesrecorded. Flag
leaf areaisthought to be correlated with head weight.

Dry Weight of Plants- thisis another factor that agronomists have associated with final head
weight. In Assiut only, five plants were harvested form outside the plot by clipping the stems
5 cm abovetheground. The plants were weighed in the laboratory and the heads removed and
weighed separately. The heads and plants were then dried and weighed again.

2.6.2 Factors Affecting Productivity

The enumerators gathered information about factors that affect productivity through observation
and farmer opinion. Observations on the level of irrigation; pest infestations, disease and predator
damage; and lodging were recorded from observations. Thefarmersreported fertilizer and pesticide
usage, source of planting seed and seeding rate, expected dates of future irrigation and expected
date of harvest. Thisinformation will give the office staff information to use asthey review thefield
data reported by enumerators and analyze the summary data.
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3. STUDY PLAN AND IMPLEMENTATION

Both published and unpublished documents were useful in reviewing and assessing the current
forecasting and estimating program, and formul ating arecommended method to be adopted by the
MALR. The team drew heavily from a previous MVE publication (Morsy et al., 1998) on
agricultural data quality. This was the principal document used in assessing the status of crop
estimating. It was aso useful in defining the recommended changes to the existing program.
Another recent MVE study on Cotton Forecasting provided useful ideas in designing and
implementing the study.

Instruction manuals and reporting forms used in the 1985-87 ADCAP were helpful in designing
formsfor the study. The forecast models, field practices, and data review and analysis procedures
were adapted from USDA/NASS wheat objective operation manuals. AERI unpublished research
reports provide val uable information on head weight and survival ratios for developing and testing
the statistical models used in the study.

Much valuable background information about wheat production in Egypt and the importance of
wheat to the country came from various MALR publications, including those by ARC and EAS.

3.1 Implementation of Assessment by MVE Team

The following are the tasks undertaken by the MVE team:
Selection of a team comprised of MALR, ARC, university, expatriate and MVE staff
experts.
Establishment of the goals for forecasting wheat yield.
Review of al past reports, instructions, manuals, models, and data.
Review of information about forecasting procedures used in other countries.
Review of past models used in Egypt and potential models used elsewhere.
Review of all available data and how they were used to make forecasts.

The team reviewed all materials that they could find related to the procedures used in the
past by Egyptian agencies. Also areview was made of materials from external sources
regarding techniques used in other countries to forecast or estimate crop production. An
analysis of the materials obtained was done to determine the quality, strengths and
weaknesses of past procedures in order to help the team plan their work and discover
improved ways to forecast crop yield and production.

Vidits and interviews in national, governorate, and district offices.

Prior to selecting the seven study sites the team visited the suggested six governorates and
Nubariaregion with MALR personnel at the national levels. At each of the study site the
team interviewed the governorate leaders, especially the governorate sampling office heads
and local officials were interviewed when appropriate. In districts they worked with the
field staff and often had chancesto interact with local officialswho stopped by to learn what
the teamswere doing. The team asked the officials about the past and present procedures,
their opinion about the accuracy of the methods, their problems and constraints in doing
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their work, their training level and what they felt was needed to improve the forecasts. The
results of the discussions were useful in the team assessment of current procedures and in
designing the study. Thedetail of these discussions can befound inannex A. Also alisting
of most of those persons visited or with whom the team worked isin annex A. Nearly 100
persons were contacted by the team.

Observation of current fieldwork, documents and estimation process.
Field observations of current proceduresin crop cutting and forecasting plots

The team felt that actual observation of the sampling procedures, data gathering methods
and forecasting methods was critical to their assessment and recommendations for
improvements. During interviews with officials they heard how the work was being done,
theoretically. Asthey asked further detailed questions, they found that the actual methods
were often different. Likewise, asthey observed the work being donein thefield, they saw
methods used that were reducing the precision of the results. These practices were being
done without the staff realizing the negative effects. The team helped correct some of these
improper procedures during theinitial visits and designed forms for recording the data for
al subsequent visits. Theseimprovements undoubtedly hel ped thisyear’ sforecasting to be
more precise.

Feld procedures are critical to the estimation or forecasting process. The most
sophisticated model or method for forecasting is of little value if the data put into the
process are not reasonably precise and derived in the expected manner. When oneconsiders
that each plant or fruit in the sample plot (60 cm x 60 cm) represents 1050 othersin a
feddan, it becomes clear that accuracy in laying out the plot and making counts is very
important. Theimportance of just one plant or fruit is often overlooked by the enumerator
when counting in the field on ahot day. Thusit wasimportant for the team researchersto
observe just how the data were being gathered

Testing of new procedures and forms

The team hasfound that it isawaysimportant to suggest and test new procedureswhilethe
work is under way. During the gathering process, other questions arise which, when
answered, give further insights into the process. Ideas for improvement are generated.
When questions about the data arise during the assessment process, those involved in the
data gathering process can better understand what is taking place.

Whilein the field the team members can devise better methods, procedures and forms for
future improvements to the MALR staff. These can also be tested under field conditions
to determine how well they will work.

Listed below are some of the observations and ideas team members got from their visits to
governorates officers and participating in the field work during the study.

< Assessment of past and present procedures to determine those that might be used in the
future.
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Assessment of how well the sample represents the wheat population.

Identification of plant growth characteristics; how they vary by variety or location.
Determination of how plant characteristics can be used to forecast yield.

Analysis of past forecasts relative to other estimates and information.

Recommendations of models for future forecasting work along with a schedule of
implementation.

Recommendations for improved sampling procedures.

Recommendations of improvements to survey procedures and forms.

Recommendations of procedures and models that should provide accurate, timely, cost
effective forecasts and be manageable. If possible include an estimate of manpower,
equipment and budget requirements.

The study was designed and carried out by the study team and the EAS to test the method and
demonstrateitsoperational procedures. Four pre-harvest visitsand the harvest visit were scheduled
to the sample field. The timing, maturity stage of plants, field activities and information gathered
on each visit are summarized below. See annex D for data collection and laboratory forms.

First visit - late January when plants were in the pre-flag stage, maturity stage one. The
plots are laid out in the sample fields, and the number of stalks (tillers) are counted in the
count area. The sample plot includes two adjacent 60cm x 60cm sections -- a count area
and aclip area. The count areais used for counting stalks, late boot heads and emerged
heads on each monthly visit, and is harvested for fina yield determination when the plants
aremature. Theareaisdivided into quadrantsfor ease of counting. Theclip areaisdivided
into six 30cm x 20cm blocks. Plants from one designated block are harvested on each visit
for laboratory analysis. Attachment defines the various maturity stages used to structure
the forecasting models.

Second visit - late February, most fields arein flag or early boot, maturity stage two; or late
boot and flower, maturity stage three. Tota stalks, number of late boot heads, and number
of emerged heads are counted in the count area. Plantsin clip areanumber one are counted,
and the late boot and emerged heads harvested and sent to the laboratory for analysis.

Third visit - late March, essentially all heads are emerged and most fields are in milk,
maturity stage four; or soft dough, maturity stage five. Total number of stalks, number of
late boot heads, and number of emerged heads are counted in the count area. Clip areatwo
is harvested and the plants sent to the laboratory.

Fourth visit - by the late April visit over 80% of the fields were in hard dough, maturity
stage Six; or ripe, maturity stage seven. Theremaining plotswerestill in maturity stagefive.
Thethird visit counts and activities are repeated for the fields still in maturity stage five and
clip areathree is harvested for laboratory analysis. Plantsin the count area are harvested,
counted and the heads sent to the laboratory for fina yield determination for fields in
maturity stages six and seven.

Harvest visit - fields still in maturity stage five on the fourth visit are closely monitored, and
the enumerators return to harvest the plots when the fields reach maturity stage six.
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° In addition, observations and measurement were made for some plant characteristics
thought to be correlated with yield. This information will be used in research to explore
refinements in the forecasting models. The additional information collected is covered in
Section 4.1.

3.2  Sampling and Study Sites

The sample for the study was selected using a modified multistage probability sampling approach.
It was not an objective of the study to produce survey results that are completely random and
statigtically defensible. On the other hand, including areas that are representative of the major
wheat-growing areas and grow the principal varieties was an important consideration. With these
interests in mind, two districts were pre-sel ected within each governorate. The sampling scheme
within district includes two clusters (exceptions, one cluster was selected in Noubaria and three
clustersin Assiut), two fields within each cluster, and two plots within each field. A third cluster
was added in Assiut to include durum varieties. Thisisan efficient sampling plan and providesthe
survey data needed to compute the components of variance at all levels of the sample. The sample
included 112 plotsin 56 fields (See Table 3-1).

The study included six governorates, plus Noubaria. These governorates represent the major
geographic regions of Egypt, and grow the three major genotypes and varieties of wheat. Kafr El
Sheikh and Sharkia, represent the Lower and Upper Delta, respectively. Gharbiaand Beheiraare
intheMiddle Delta. Much of the newly reclaimed land isin Noubariawhere limited yield work and
no crop forecasting is done. Both medium-spike and long-spike bread whest is grown in these
governorates. Fayoum geographically represents Middle Egypt and has alarge area under wheat.
The sampling office staff has carryover experience from the 1985-86 forecasting project.
Geographicaly, Assiut isin Upper Egypt and includes about 8,000 acres of reclaimed land that is
not included in any current surveys. Inaddition, some durum wheat is produced in the governorate.

Agricultural research stations are located in Kafr El Sheikh, Gharbia, Noubaria, and Assiut. The
research stations offer many advantages to the study. One of the great needs for training isin the
areaof agronomic characteristicsof thewheat plant. Agronomistsat theresearch stationsarearich
resourceto providethistraining. Establishing communicationswith the stations can open achannel
for ongoing training of agricultural engineersin basic plant physiology. The two agencies working
together will increasethe efficiency of government. And finally, the research stations havefacilities
that can be used to train large groups of people.

Laboratories were set up in Gharbiaand Assuit for processing the field samples. The Gharbialab

processed samplesfrom all Deltagovernorates and Noubaria, and samplesfrom Fayoum and Assiut
went to the Assiut lab.
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Table 3-1: Sample Size and Area Planted for some Gover norates, Year 2000

Governorate District Variety | *Area | Number of | Number | Number of Plots
Feddan | Clusters | of Fields | (60cm X 60cm)
(PSUs)**

Delengat S$69,,61,,8 | 26,707 2 4 8
Beheira

Damanhour S69 26,210 2 4 8

Gv. Total 235,697 4 8 16
Noubaria Sugar Beet S8 45,223 1 2 4

Busttan S69 22,185 1 2 4

Total 67,408 2 4 8
Gharbia Zefta S69,,61 16,575 2 4 8

Tanta S69,,61 20,953 2 4 8

Gv. Total 135,102 4 8 16
Kafr El- Sidi Salem $61,,69,8 | 23,158 2 4 8
Sheikh

Kafr EL- $61,,69,8 | 29,372 2 4 8

Sheikh

Gv. Total 185,703 4 8 16
Sharkia Dyarb Nigm S69 16,887 2 4 8

Zagazig S69 29,801 2 4 8

Gv. Total 307,000 4 8 16
Fayoum Etssa S69 43,187 2 4 8

Fayoum S69 27,753 2 4 8

Gv. Total 148,899 4 8 16
Assuit Assuit S69,G164 | 18,145 3 6 12

,Durum

Dyrout S69,G164 | 18,205 3 6 12

Gv. Total 135,407 6 12 24
Total Sample 28 56 112

Didtricts

Governorates

* Preliminary whest crop area.
* Feddan = 4200 n?
** Primary sampling unit (PSU) = cluster about 200 Feddan cultivated area.

S= Sakha

G=Giza

Source: Whest Yield Forecasting Study, MVE Unit, APRP, 2000.
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3.3 Madificationsto Modelsfor the Study

A full range of application of the models was not possible because databases of previous survey
results are not available. Alternative historic data sources were used for development and
preliminary testing. Final testing and application used only thefinal results of the study field plots.
Any pre-harvest forecasts computed on an empirical basisusing only final datafrom the sample plots
would produce results identical to the final yield computation.

3.3.1 Plant Survival Ratios

Survival ratios, computed by dividing the final number of heads at harvest by the total number of
stalksfrom the various pre-harvest counts, are the core of the model for forecasting the final number
of heads. Threeto five years of survey results are needed to compute survival ratios. The survival
ratios for the study could be computed only after the plotswere harvested. Severa yearsof research
results from AERI studies were useful for development and early testing. This information aso
served as aguideline for evaluating survival ratios computed from the study’ s survey results.

3.3.2 KernelsPer Head

Fina number of spikelets and kernels per spikelet were used in combination with the final number
of kernels per spikelet to develop, test and apply thismodel. ARC research data provided guidelines
for testing and evaluating the kernel count model.

3.3.3 Kernel Weight

Information from the AERI studies, shown in annex E, and from the ARC breeding and variety

testing programs, provided indications of average weight of grain per head. Asin the above cases,
final application used only the field and laboratory results of the study.
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4. ASSESSMENT OF EXISTING FORECASTING PROCEDURES

The study team visited Nobaria and six governorate sampling offices, Kafr El Sheikh, Gharbia,
Behira, Fayoum, Beni Suef, and Assiut during the study period (November 1999-May 2000) to
assess Wheat yield estimating and forecasting procedures. Sampling office officials were asked to
comment on current activitiesincluding: survey activities, procedures, training, and cooperationwith
other government offices, resource needsand level of support. Othersinterviewed included farmers,
extension agents and the director of a cooperative. The assessments in this chapter are based on
documents from previous studies, interviews, opinions, observations and institutional knowledge.
MVE’s previous study on data quality and availability (Morsy et al., 1998) was especially valuable
and provided much useful information for the analysis. That study describes MALR's data
collection procedures in detail and provides some evauation and recommendations for
improvements. This chapter gives a brief summary of the magjor surveying procedures and outpuits,
and analyzes and assesses each function. Recommendations for changes to improve the present
system are covered in Chapter 6.

41 MALR Staff Role
4.1.1 Description

The MALR, EAS, through its CAAE, has responsibility for collecting and publishing statistics on
wheat area, yield and production. Surveys to determine area under wheat are carried out at the
villagelevel through the agricultural extension agents. In addition to data collected through its own
facilities, EAS uses area data gathered by the ESA, MPWWR in determining the official estimate of
area under whest.

Sampling offices in each governorate, with branch offices in some districts, conduct crop-cutting
surveysto determinewheat yield. Governorate sampling office staffsdo and supervisethefieldwork.

GOE production and yield targets are less common than in the past as the agricultural sector
becomes increasingly privatized. However, governorate officials are sometimes rewarded for
improving crop yields in their governorate or for achieving a target level.

4.1.2 Assessment

Governorate office staffs are commended for the work they do under very difficult conditions. The
demand for statistics on agriculture continues to increase as the sector becomes more privatized,
while the facilities and resourcesto provide more and better statisticslag farther behind the demand.
Staff is generally under trained and poorly equipped technically to carry out the jobs they are asked
to do. A request for training in applied agricultural statistics, survey procedures and plant
characteristicswas expressed at every sampling office visited by theteam. The MALR doesnot have
aprogram for in-servicetraining for agricultural engineersat the governorate level. Many engineers
withlong servicerecords have received little or no training in sampling and survey methodology and
survey operation to build technical skills. Thereisaso alack of understanding of the importance
of accuracy and the implications of errors. The prevailing attitude isto produce numbers with little
concern for accuracy. Some training, mostly of a specialized nature, has been provided for special
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survey work MALR takes on from timeto time. Such training is helpful, but fallsfar short of what
is needed to equip the field staff with the expertise they need to do consistent, high-quality work.

New engineers are often brought on board and expected to immediately begin performing their
assignments at a high level of proficiency without any introductory training. New engineers are
usudly paired with an experienced employee in order to gain on-the-job training. Thisis a sound
concept, but its effectiveness is limited by the low expertise level of the existing engineers.
Experienced engineers, even though sincere in their efforts to help new engineers learn their jobs,
may unintentionally pass along poor work habits and erroneous procedural instructions.

Rewarding officials for improving yields, or achieving target yields, is a disincentive for accuracy.
It has the potential to introduce an upward bias into the yield estimate.

4.2  Sampling Technique
4.2.1 Description

The sampling procedures used for selecting area and crop-cutting survey samples are statistically
sound. However, athorough review of the sampling frame and the sample size likely would reveal
some inconsistencies and inefficiencies. This section describes the procedures used to select the
crop-cutting sample.

The total production of whest is the product of two components, the yield per feddan, and the area
under wheat. Both must be determined with accuracy and without bias each season to provide
reliable estimates of production. Theyield can be accurately determined by conducting crop-cutting
experimentsin randomly selected plots of prescribed dimensions. Yields determined by this method
are relatively free from human biases, and provide reliable and stable results. A datistically valid
sampling scheme, and clearly defined and consistently applied survey procedures, is necessary for
successful operation of this methodology.

A stratified multistage sampling design is used to select the crop-cutting survey sample. Estimates
of the yield per feddan and total production of wheat are needed with high precision at the
governorate level for agricultural development planning and economic purposes. Therefore, each
governorate is adomain or tract under study. Within each governorate, the sampleis allocated at
the district level. The cultivated land within adistrict is stratified according to fertility and type of
underground tube drainage by hode. Within each stratum, a certain number of sampling units or
plots are selected in four stages.

The agricultural land is cadastrally surveyed and divided into governorates (Mohafazat),
governorates into districts (Marakez), districts into villages, and villagesinto hodes. The size of a
villageis usually too large to adopt as a cluster or PSU. On the other hand, hodes, which averages
about 100 feddansin size, areinappropriate for forming clusters. Thetarget size of clustersisabout
200 feddans of cultivated land, but range in size from150 to 250 feddans. Combining a number of
hodes within the same stratum forms clusters. The crop cutting plots are located in these clusters
by three additional stages of sampling. The same frame of clusters is used for different seasonal
cropsthroughout the year. For each crop, the appropriate number of clustersis selected, depending
upon the precision required in the fina estimates. For maximum economy of fieldwork and
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supervision, it is desirable that the same PSUs be used for crop cutting surveys for all cropsin a
season. Separate strata can be formed and the appropriate number of clusters selected for crop that
are grown in concentration in afew villages.

Within each selected cluster, two parcels growing wheat are randomly selected out of all parcels
growing the crop. This constitutes the second stage of sampling. One wheat field is randomly
selected from all of the wheat fieldsin the parcel. Thisisthethird stage of sampling. Thefinal stage
consistsof selecting apair of random numbers from arandom numbers table for locating the plot of
prescribed dimensions (2m x 2m), within the selected field. Thewhesat plantswithin the experimental
plot are harvested and weighed in accordance with the instructions. The plots should be harvested
on the same day asthe samplefield, and to the extent possible, using the usual methods followed by
the cultivators.

The sampling frames vary by governorate. In Beheira, Ministry of Irrigation maps showing area by
hode areused. A hode by hode listing of cultivated and non-cultivated areas taken from the Ministry
of Security Record Number 15 isused in Assiut. Other governorates may use a variation of one of
these, or something entirely different. Cadestral maps are availablein local agricultural cooperative
offices for most villages.

The DOS headquarter office determines the optimum sample size for each governorate based on the
analysis of the previous year’'s data, and allocates the sample at the district level.

After recelving the sample size from headquarters, the governorate sampling office staff proceeds
with selecting the sample. A stratified multistage sampling procedure is used for sample selection
in each governorate. Cultivated land areais classified into strata based on the type of irrigation and
age of tiledrainage. Similar land areas are grouped into clusters. Theoretically, clusters are about
200 feddansin size. Inredity, however, the cluster size varies depending on the governorate. In
Beheirathe cluster sizeis 150 - 200 feddans, Dakahlia about 200 - 250 feddans and about 300 - 350
feddansin Assiut. Areaunder wheat in the selected cluster is listed by field and summarized.

Sampling units about three feddans in size are formed in the selected cluster. |If a prospective
sampling unit exceeds five or six feddans, it is divided into three sub-units and one of the divisions
isselected to represent thearea. Two sampling units are randomly selected from each cluster, Table
3.1

4.2.2 Assessment
The sampling frame materials are outdated and in varied and, often, inconvenient scales. Names of

villages and uses and characteristics of land have changed. Sampling offices do the best job possible
to maintain sampling frames, but the frames continue to deteriorate.

Some governorates are developing the skills to analyze survey data, compute variances and
determine sample sizes. A lack of training and computers hinder the growth of this capability.

Stratification based on type of tile drainage has likely lost its effectiveness. Underground drainage
systems installed many years ago have deteriorated due to the lack of maintenance. Furthermore,
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the large number of strata increases the total sample size.

Having accessto the village cadastral mapswould be hel pful to sampling office staff in several ways,
but the low level of cooperation with local extension agents restricts access to the maps.

4.3  AreaEstimates
4.3.1 Description

Two methods of estimating areaunder wheat are used. Thefirst method isacomplete enumeration
of all wheat fields by the extension agents at the village level. Village totals are passed to the
agricultural cooperativedirectorswho supervisethreeto six extension agents. Cooperativedirectors
send the data to the district statistics offices. District data are accumulated in the governorate
statistics offices and finally sent to the MALR, EAS headquarters office in Cairo.

The second survey is conducted by the ESA, MPWWR using a sample of area clusters (hodes)
provided by the MALR, EAS, and DOS. In theory, 50% of the wheat area in each district is
measured each year by the ESA staff. It isdifficult to determine what percentage of the fields are
actually measured before the data are plotted on 1/2500 scale maps that are sent to Cairo. Twenty-
five percent of the fields are supposed to be re-measured by the supervisors for quality control.
Although this survey is said to be independent of government influence, much of the fieldwork is
done in cooperation with the extension agents who do the field enumeration for the MALR survey.

The ESA samplefor areaestimation isfixed for fiveyears, whilethe MALR sampleisredrawn every
year.

4.3.2 Assessment

Both of these methods have some positive attributes. The extension agents are in the best position
to have knowledge about area under wheat. Therefore, the village level data have the potential to
be very accurate. The ESA survey isindependent of MALR and has the potential to be relatively
freeof political influence. If the stated sampling fraction (50%) isachieved, the survey resultsshould
be fairly accurate.

Frequent, and sometimes large, changes are made in the village and district estimates as they move
to higher levels. Area, yield and production estimates, for Damanhour, Kom Hamada and Hosh
Eissadistrictsin Beheiragovernorate for 1992-97, illustrate the level of the changes that sometimes
occur. Comparisons of the average district estimates with the average published estimates for these
six years show that the published yield was amost always higher.

Both methods are lengthy and labor-intensive processes. There is no preset date for the public
release of the official estimate, and it is usually not available until April or May. Differencesin the
results of the two surveys sometimes have to be resolved and may result in changes to some of the
governorate estimates. Resolving differences adds to the processing time and further delays release
of the official estimate. Some of the difference in the two estimates may be due to the different
sampling methods. Estimates are not available when needed to sel ect the samplefor crop forecasting
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surveys as proposed in Chapter 6.
4.4  Yield Estimates
4.4.1 Description

One officia estimate of wheat yield is made each year and is based on crop cutting surveys. Crop
cutting has been the predominate method used for estimating wheat yield since 1956. Farmers are
notified directly by the governorate sampling office, or through the extension agents, that their field
has been selected for the crop cutting survey. The farmers are asked to delay harvest until the
sampling office staff arrives.

The 2m x 2m plot is established in the sample field and harvested by, or with the assistance of, the
farmer and the grain isweighed. Using the plot grain weight, average yield per feddan is computed
for each plot. Yield for the district is computed by weighting the plot yields by their respective
representative area. The production of the district is computed by multiplying the average yield per
feddan by the area under wheat. The production of the governorate is the sum of production in its
districts.

442 Assessment

Sample sizeis unusually large in an attempt to improve survey performance. In 2000, 5,124 whesat
fieldswere selected for crop cutting. This sample size returned survey results with a S.E. of about
0.5% at the national level. Sample size could be reduced by 50% or more and still achieve a S.E.
of about 1.0%.

The estimate is not available until several weeks after harvest is finished. Consequently, MALR
officias, wheat researchers, and others with knowledge about the wheat industry, are frequently
asked for subjective evaluations of the potential crop size. These speculative projections are often
midleading and can do more harm than good. Thereis no substitute for reliable data, and bad data
are often worse than no data at all.

Quality control proceduresare built into the system, but are not consistently applied. Therefore, the
source and level of non-sampling-error is not known.

Responsihility is placed on the farmer to delay harvest of the field until the sampling office staff
arrives to harvest the plot. This can be an inconvenience to the farmer as he rushes to harvest his
wheat and get another crop planted. All data processing is done by hand and is subject to error.
Anaysisof thesurvey dataisdone at EA S headquarters. Removing the analysisand review function
from the loca office sacrifices valuable ingtitutional knowledge built up through long-term
experience with local conditions. Storing and preserving survey datarecordsis not a priority, and
the potential future value of the datais often lost.

Crop cutting produces abiological yield and must be corrected for harvest loss to obtain net yield.
Ignoring the effect of grain lost during harvest loss can have amajor effect on the accuracy of yield
estimates. Procedures for measuring harvest loss are inconsistent. Technical coefficients that have
not been tested and updated for many years are used to adjust for harvest |oss.
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45 Yied Forecasting
45.1 Description

The only organized attempt to make pre-harvest forecasts for wheat was under the ADCAP in the
mid-80s. All activities s,emming from the ADCAP were stopped in 1998.

The original sampling plan was to tie the yield forecasting sample selection to the regular crop-
cutting sample selection. The sample size was 50% of the crop-cutting sample — one of the two
parcels from each cluster selected for crop cutting (see crop cutting sampling plan, section 4.2 and
annex B. Onefield was selected in each parcel and one plot waslaid out in each selected field. The
total number of samples (optimum sample all ocation) was determined by the DOS headquarter office
and samples were distributed within districts by the governorate sampling offices.

Governorate sampling officesdid the fieldwork. Three pre-harvest field visitswere scheduled to the
samplefield. Sample plots were laid out on thefirst visit in late February when plants were in the
tillering to early boot stages -- maturity stage one or two.

The second visit was in late March when plants were in the late boot and flower stage -- maturity
stage three. The third visit was scheduled for late April when most of the wheat was expected to
beinthe soft dough to hard dough stages (maturity stagesfiveand six). Harvest of theforecast plots
was scheduled at the same time the crop-cutting plot was harvested. Since harvest begins in mid-
April and peaks during the first week of May, many fields were mature and could have been
harvested on the third visit.

Forecasting models similar to those used in the current study were used to forecast the components
of yield (Chapter 5). Under the modified program in 1989, the sample size was reduced to five plots
per district and only one pre-harvest visit, in mid-March, was schedul ed.

452 Assessment

It is not known if the survey results were ever used to support early season forecasts or fina
estimates.

The work in Fayoum indicated that the methodol ogy introduced in 1985 was appropriate for Egypt,
and it could have become a vauable tool for improving wheat forecasts and estimates. Theteam’s
vigt to the governorate sampling office found complete records of the 1985-86 field work, and the
field and laboratory equipment used. Eight of the thirteen agricultural engineerstrained in 1985 are
still working in the office. A complete set of field equipment and reporting forms were provided
under the project. The governorates added in 1986 aso received training and support from the
project team, but none of the governorates added after 1986 received any training, equipment or
other kinds of support from the ADCAP or MALR. Thisfailure to support the work lowered the
morale of the field staff and made it difficult for them to do high-quality work.

Although governorate sampling officials spoke of conducting wheat forecasting surveys, no records
of any activitieswere available outside of Fayoum. Thelocal officials complained about the lack of
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training and support and had to sometimes pay for forms and other survey supplies out of their
personal funds.

The work got off to agood start in 1985 and continued to improve in 1986. After 1986, support
declined due to budgetary constraints and other problems. The attempt to restart the work in 1989
floundered from a lack of support. The absence of support from the ADCAP and a major
reorganization of MALR were mgjor factors that contributed to the work not surviving.

The way ADCAP provided support, especially the manner in which salary incentives were applied,
probably contributed to the lack of sustainability of the work. Salary incentives were paid directly
from project funds. All employees in the governorate sampling offices that were included in the
project, and selected employeesin the Cairo MALR offices that administered the project, regardless
of whether they were directly involved in the project work, received incentives. The operation of
the project was concentrated in afew hands and excluded input from other government offices that
could have contributed to its success. As a result, the new work was not institutionalized and
accepted as a potential improvement to the existing wheat forecasting and estimating program. This
lack of broad-based support was a major factor contributing to its demise during the MALR
reorganization.

4.6  Equipment and Support
4.6.1 Description

Field equipment for crop cutting survey work consists of a cross-staff, steel pegs, cords, measuring
tape, and scales or balances.

Sampling office staff must have adequate transportation to conduct the fieldwork in atimely manner.
Additional cars are sometimes hired during periods of peak workload.

The sampling offices must stay in contact with the farmers to determine when the sample fields will
be harvested.

4.6.2 Assessment

The need for more and better equi pment was acommon request during the team’ svisitsto sampling
officesin the governorates. The equipment in useisold, in poor condition, and some pieces do not
function properly. Because of the size and weight of the equipment, transporting it to the field isa
problem, particularly, if the enumerator travels by motorcycle.

Few cars and motorcycles are available. Most of the motorcycles are very old and in poor
mechanical condition. Some agricultural engineers provide the use of their personal motorcycles.
Thelack of adequatetransportation slowsdown fieldwork and delaysfinal completion of the survey.
This contributes to lost samples due to farmer harvest. If the farmer delays harvest, the condition
of wheat plants deteriorates and potentia yield islost.

Communications with farmers to determine when sample fields will be harvested is difficult. Few
farmers have telephones. Cooperation with local officials (extension agents) islimited and needsto
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be improved. Extension agentsarein contact with the farmers and could inform the sampling office
when the field is to be harvested.
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5. ASSESSMENT OF PROPOSED FORECASTING PROCEDURESAND MODELS

The critical review and assessment of the procedures used in the study, documented in this chapter
and annex E, areintended for the benefit of MALR when it beginsto implement the new procedures.
Chapter 6 documents many of the lessons |earned during the study.

5.1  Staffing and Support

The staffing level in the various agencies of MALR appearsto be adequate for the responsibility they
have been assigned. The added responsibility of wheat yield forecasting could be absorbed by the
existing staff. However the efficiency and productivity of the staff islimited by alack of training and
proper equipment. In the past, support for some activities has been lacking. There seemsto be a
renewed commitment on the part of EAS management to support wheat yield forecasting and
estimating work through its DOS.

511 MALRRole

The MALR, through its DOS, provided management support and the field staff for conducting the
study. Management staff and officers at all levels offered strong support and active participation
throughout the study. The Head of EAS and the Under Secretary of CAAE were prominent in their
support from the very beginning. The MALR underwrote the entire operational cost, including
travel expenses and salary incentives. The DOS provided oversight and the office staff in each
selected governoratedid thefieldwork. Governorate office personnel demonstrated astrong interest
in the study and eagerly worked on their scheduled days off, and sometimes spent 10 hoursaday in
the field to accomplish the fieldwork in the specified time frame. Agricultura engineers assigned to
work on the study, and the sampling office director and deputy director, received special training.
Other engineers were trained to operate each laboratory. The engineers assigned to the study
received salary incentives paid out of the EAS budget.

5.1.2 Wheat Rescarchers Role

Agronomistsfrom the agricultural research stations assisted with the pre-survey training and follow-
on training each month throughout the study. They played a much-needed role of providing
instruction in basic plant physiology and factors that affect productivity. A better understanding of
plant characteristicsand growth habits, and thefactorsthat affect productivity, prepared enumerators
to more ably interpret and report the conditions they observed in the field.

5.1.3 Assessment of Staffing and Support

The organi zation of the study and the close partnership between MALR, other government agencies,
and MVE introduced anew approach to technology transfer. MALR demonstrated its commitment
to improving statistics on wheet by its substantial investment in the study. Governorate office staffs
are commended for their eagerness to learn the new procedures and work long hours to complete
the fieldwork. Participation by researchers from the agricultural experiment stations was a totally
new idea. These agronomists and plant breeders provided alevel of training never before available
to the governorate offices’ staffs. The professiona status, experience, and expertise of the study
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team members assembled by MV E provided needed technical and professional support. Two team
members were responsible for supervising field and laboratory activities. This was another new
innovation in project management. The two former governorate sampling office directors provided
the close supervision needed to assure that correct procedures were being followed. The two
supervisors, are known and respected by most of the enumerators, and were agreat asset to thefield
staff. Theresult of the combined efforts of these groups was astudy accepted and respected by data
users.

5.2  Pre-Survey Preparation

The success of this study was due in large part to the detailed pre-survey planning by the team. A
complete plan for completing the study was in place before training started in late January.
Although some of the governorates had previous experience with objective yield forecasting, the
study plan introduced anew approach to implementation and operation. Forecasting surveysrequire
apreciseand often tight time schedule. Theplanincluded timing for themonthly yield visits, training
schedule, training sites and preparation of survey materials. Everyone involved in the study
understood the plan and hisrole in carrying it out.

5.2.1 Survey Equipment and Supplies

Description. Each team of field enumerators needs a measuring tape, frame for laying out plots,
clipping shears or scissors, and steel stakes. Disposable suppliesinclude wood pegs, cord or string,
flagging tape, flag poles, paper bags and reporting forms. Laboratory equipment includes electronic
balances, adrying oven, and pans and other containersfor holding lab samples. Some governorates
had equipment carried over from the mid-1980's ADCAP. The condition of al existing equipment
was checked and additional items procured as needed.

Forms were prepared and supplied by the team. Each governorate was responsible for obtaining its
own survey supplies.

Assessment. Flagpoles for making the plots were inadequate in many fields. Materials used for
flagpolesincluded corn stalks, sugarcane stalks, palm fronds, bamboo or no pole at al. Clearly, the
enumerators did not bring these items to the field, but used whatever could be found on site.
Bamboo isthe preferred material for flagpoles becauseit islightweight and can be easily transported
and is available in the proper lengths.

Clearly making thelocation of the plotsis very important so they can be easily found on return visits.
Quite often on the return visits, valuable time was lost searching for the field plots, and in a few
instance plots couldn’t be found. When a plot can’t be found, an alternate plot islaid out. Asa
result, thevalue of all information gathered in previous monthsislost for determining survival ratios.

Flagging tape should be used to subdivide the count areaand clip area. It ismore visible than cords
and makes it easier to find the plot on return visits.

A wide variety of sizes and qualities of supplies were used in different governorates. For example,

the style and size of paper bags used was different in almost every governorate. Some of the bags
weretoo small, and wheat heads were damaged when too many were crammed into abag. In some
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governorates two bags were required to hold all the heads when the plot count area was harvested.
This increased the chances that one bag will be lost, damaged or mislabeled.

The addition of aclipboard or clear plastic folder to hold the formswould be agood addition to the
enumerator’s supplies. As discussed in section 5.5, enumerators need to carry the forms into the
field and record counts and measurements directly on the forms. Some method of securing and
protecting the forms would be helpful.

5.2.2 Reporting Forms

Description. Field counts, measurements and observations and |aboratory analysis are recorded on
specially designed forms. Forms used in the study include: Form A for diagramming the sample
cluster and sample field, showing directions to the sample cluster and the location of the plot; Form
B for recording field counts and observations, Form C-1 for recording field counts of plant partsto
be sent to the laboratory when fields are in maturity stage 3, 4, or 5; and for recording the counts
and measurements made in the laboratory; Form C-2 accompanies field samples to the laboratory
when the count area is harvested (maturity stages 6 and 7); Form C-3 is for recording special
research study of a sample of five emerged mature heads; and Form E isfor recording field counts
and measurementsand laboratory analysisfor post-harvest gleanings. Two different 1D tagsareused
for transmitting field samplesto the laboratory. All forms were designed specially for the study by
the team. Simplicity, clarity and promoting accuracy were the main considerations in designing the
forms. (See annex D for a complete set of forms)

Maintaining consistency of operation acrossall survey sitesiscritical to achieving high-quality survey
results. Detailed instruction manuals, printed in Arabic, covering field and laboratory procedures
were given to each enumerator and laboratory staff. Instructions for laying out the plots and
completing the monthly plant counts and measurements are a so printed on the reverse side of Form
B. Instruction manuals and the forms were covered in the pre-survey training and reviewed each
month before fieldwork started. Even with this intense training, it was very difficult to teach the
enumerators the importance of accurate and precise work.

Assessment. Development and maintenance of forms and instruction manuals is a continuous
process. Althoughiit isnot always practical to make changes to forms during the survey, problems
with using forms need to be noted. Items on the forms that are not clearly understood by
enumerators, or that cause inconsistent reporting, need to be emphasized by supervisors. Forms
should be reviewed and updated after each survey. Thisisthe best timeto make needed changesand
add or delete items.

The form B used in the ADCAP was used in January and found not to be adequate. A new form B
was designed and ready for the February field visit. Slight revisionswere made to some of the forms
as the study progressed to make them more useful or easier to use.

I nstruction manual s should be conscientiously updated and revised and include all current operating
procedures. The resolutions of significant that occur during the survey cycle should be issued as
addendums to the manual. All addendums and notes accumulated during the survey need to be
incorporated into the manual at the end of the survey.
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5.3 Sampling Technique
5.3.1 Description

For maximum economy and to reduce the cost of whesat yield forecasting fieldwork, it was proposed
to usethe sameframeasfor crop cutting surveys. And select a sub-sample of governorates, districts
and clusters. Usually the crop cutting surveys provide estimates of yield for individual governorates
and its administrative districts and for the national level.

Pre-harvest yield forecasts at the national meet the needs of decision makers for planning. This
keeps to a minimum the increase in budget and resources needed to carry-out crop forecasting.

The sampling design was a modified stratified multi-stage sampling. Thiswas achieved asfollows:

. Six governorates were pre-selected. Four represent Lower Egypt (Beheira, Gharbia, Kafr
El Sheikh and Sharkia), and two represent Upper Egypt (Fayoum and Assuit). New Lands
were represented by Nubaria, which includes Bangar El Sokar and Bustan regions.

. Two districtsin each governoratewerepre-selected. Governorateand district selectionwere
based on previous experience and wheat area cultivated, rather than random selection. The
total area of wheat cultivated in the sample governorates (about 1.3 million feddan) and
constitutes about 50% of the total wheat cultivated areain the country (Table 3.1).

. A number of clusters (each of about 200 feddans cultivated area) were selected in each
district.
. Two clusters were randomly selected in each of the selected districts (in al governorates

except Assuit, where two clusters were added for durum wheat). These were examined in
the order of random selection asto whether they grew wheat crop. It wasfound that all the
selected clusters had wheat and most of them included various whest varieties grown in the
district.

. For each cluster asupplementary form (Form 3 of crop cutting sample) wasfilled out for the
selection of parcels. With the help of village officids, alist of holders growing whest in the
order of the location of the land can be prepared for each hode comprising the cluster.

. Two whest crop parcel swere selected at random out of all the parcelsgrowing wheat in each
of the selected clusters. This constituted the second stage of sampling.
. In each of the selected parcels, a field growing wheat was selected at random out of all of

the fields growing wheat crop in the parcel (with the help of physical boundaries 0.50 m and
more inside the parcel). Thisformed the third stage of sampling.

. Within each of the selected fields two plots 120 cm x 60 cm in size were randomly selected
(the fourth and last stage of sampling). For this purpose the length and width of the selected
field were measured in meters starting from the southwest corner of the field. After
deducting 1.2 m from the length and 0.6 m from the width, two pairs of random numbers
were selected for the location of the two plots. If the two plots overlapped another pair of
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random numbers was sel ected so that the two plotswere located apart from each other inthe
same field. A sketch of the field was made on form A showing the location of the two plots
(details in annex D).

Total samplesizewas 112 plots. Sincethe main objective of this study wasto demonstrate objective
yield forecasting technique and train staff, no attempt was made to cal culate optimum sample size
for forecasting. However, Using the variance from this study to compute optimum sample size, 200-
300 sample field would be needed for a representative nationwide forecasting survey. See section
6.3.2.

After finishing the survey, cluster numbers, field numbers within cluster, plot numbers within field
could be calculated for severa levels of precision and at given cost.

The sample was sel ected following the procedures outlined in sections 2.2 and 4.2. Table 3.1 shows
details of the sample distribution.

5.3.2 Assessment

One of the main objectives of the study was to test and evaluate objective survey methods for
forecasting. The procedures used to select the sample fields fulfilled that purpose, although the
process was not completely random. The seven governorates in the study were pre-selected to be
geographically representative for growing the major whesat genotypes and varieties.

Placing two randomly located plotsin the sample field is a departure from any previousyield survey
proceduresin Egypt. One advantage of this procedure isthat it provides an additional observation
at very little added cost. Additionally, it provides survey data needed and compute variances at al
levels of the sample.

54  Training

Training is one of the most important aspects of the survey plan. Intensive training was scheduled
beforethe survey started, and follow-up sessionswere held before each field visit. Theinitia training
activities and the March follow-up session are described in detail below. The February and April
follow-up sessions differed from March only in the emphasis placed on the current growth stage of
the plants. The only mention of the February and April sessionsin sections5.4.1 and 5.4.2 point out
differences when compared with the January and March sessions. Chapter 6 shows details of each
training session.
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5.4.1 Field ProceduresTraining

Description. The initia training was two full days in each selected governorate before fieldwork
started in January. Training on agronomic characteristics of wheat was held at the agricultura
research stationsin or near the study sites. An agronomist from the research station gave classroom
instructions on characteristics of the wheat plant; wheat varieties, growth stages; factors that affect
productivity like westher, fertility, insects, diseases, weeds, etc. A wheat researcher explained the
yield triangle (number of spikes, number of kernels per spike and weight per kernel) from a plant
breeding perspective. Following the classroom sessions the trainees went to the field to observe
wheat plants growing and for hands-on experience in applying the classroom instructions.

The second day was devoted to instruction on survey operations, survey administration and field
procedures by the team members and field supervisors. Subjects covered included sample selection,
locating and diagramming the sample cluster and field and measuring field dimensions, random
location of plots within asamplefield, laying out the plots and designating the clip and count areas,
determining maturity stage, and discussion of questions raised by the trainees. Following the
classroom training, the trainees went to the field and started to do their assigned work under the
supervision of the study team members and the field supervisors.

At the end of the training al enumerators were given an instruction manual in Arabic.

Training for theMarch field visit included instruction in each governorate sampling office and hands-
on demonstrations in the field before starting data collection. About two hours were spent in the
sampling office discussing the growth stages and other plant characteristics the enumerators would
find on thisfield visit, and going over the survey procedures. The wheat researchers talked about
the maturity stagesenumeratorswould find in thefield, and how to distinguish between flower, milk,
soft dough and hard dough maturity stages. How to identify plant diseases, insects and predator
damage was aso discussed. The team reviewed the Form B, C-1 and C-2, and the ID tag for
transmitting thefield sampleto thelaboratory. Emphasiswas placed on minimizing damageto plants
in the sample field, especially in and around the plots. Forms for the March field visit were
distributed.

Assessment. Inthefield, the wheat researcher demonstrated how to determine the various maturity
stages. Examples of weeds, plant diseases and insect and predator damage were observed. The
whest researchers are an important part of thetraining. Having knowledge about the characteristics
of wheat plants and the factors that affect production gives the enumerators greater confidence to
do their work.

Hands-on instructions on current month field procedures were provided for all enumerators at the
first plot of the first sample visited by the team and field supervisors. After the first plot was
completed, the enumerators separated into the teams assigned to each district and proceeded to
complete the remaining samples. Members of the study team and/or the field supervisors
accompanied each team to all of their assigned fields.

Training for April field visits followed the same pattern asin March. Proceduresfor harvesting the

count areawere covered in April because about 90% of the sample plots werein maturity stage (Six
or seven stage) and harvested on the April visit. Plots that were not ready to harvest on the fourth
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vigt were closely monitored and harvested as soon asthey reached maturity stage 6. Proceduresfor
laying out the post-harvest gleanings plot and completing the Form (E) need to be covered in April.

5.4.2 Laboratory Training

Description. Training of the laboratory staff started in February when the earliest fields were in
maturity stage three. The team instructed the lab staff in proper handling of the samples as they
arrived from the field. Counting and measuring procedures were demonstrated for the heads from
clip block one. The wheat researchers showed the technicians how to identify fertile spikelets and
count the number of grains per spikelet.

Assessment. Enumerators entered the training at a very low knowledge and skills level but
responded with great enthusiasm. Any training they had received in the past did not emphasize the
level of accuracy and precision necessary for using small plots for forecasting. Staff had difficulty
grasping the importance of strictly following the survey time schedule and the procedura
instructions. Rushing to complete the fieldwork, enumerators often ignored proper procedures,
which resulted in procedural errors. Their experience with crop cutting surveys, where thereis no
need to be concerned about damaging the plantsin and surrounding the sample plot, did not prepare
themfor the forecasting work. Itisnecessary to maintainthe plotinitsorigina condition during the
pre-harvest visits so the plants harvested at maturity will be representative of the plantsin thefield.
In summary, the training plan was very effective and enumerators showed steady progress in
following proper procedures and turning out higher-quality work as the season progressed.

The input from the wheat researchers was one of the most beneficial parts of the training.
Enumeratorslearned about the characteristics of wheat plantsand thefactorsthat affect productivity.
Having a better understanding of conditions they saw in the field improved their quality of work.

Total formal training during the study amounted to about 20 hours. In addition to the formal
classroom and full sessions, the entire survey process was atraining exercise. A team member or
field supervisor accompanied enumerators on every field visit. Although training cannot be
overemphasized, it isnot reasonableto sustain thislevel of training in an operational survey program.
However, the duration of training can be reduced as staff gain experience in survey operation The
engineersthat worked on the study are prepared to teach, and work alongside, new enumeratorsin
the future.

55 Data Collection

Thelevel of detail required in the fieldwork was a new experience for the enumerators. Despitethe
intensive training and close supervision, it was difficult to get enumerators to understand the
importance of doing precise work.

Four pre-harvest visits and the harvest visit were made to the sample fields. After the field was
harvested, the enumerator returned within three days of harvest to gather post-harvest gleaning to
determine harvest loss. The pre-harvest data collection periods were: Jan. 22 — Feb. 7, Feb. 22 —
Mar. 1, Mar. 23— Apr. 2, and Apr. 20 —May 1. These dates were set during pre-survey planning.
It isvery important to adhere to the established schedule for several reasons. First, keeping the pre-
set schedul e shows respect for the survey process. Second, it holds offices accountable for meeting
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the schedules. Third, and most important, is the value added to the survey data. The historic
averages computed from the survey data, and used in early season forecasting models, more
accurately represent the current situation when the same survey schedule is maintained from year to
year. Any sample fields that were not in maturity stage 5 on the April visit were closely monitored
and harvested when they reached maturity stage 6. About ninety percent of the plotswere harvested
on the fourth visit. In afew cases, plotsin maturity stage five were harvested. Thisis acceptable
if the farmer isplanning immediate harvest of thefield or the peduncle and flag |eaves are compl etely
dead.

55.1 Fidd Procedures

L ocatingthesamplefield and laying out the plots. Thefirst field operation islocating the sample
parcel and selecting the sample field from the wheat fields in the parcel. This procedure isthe same
asused in crop cutting, so the enumerators had some experiencein thisregard. After identifying the
sample field, the sample cluster and the field showing the location of the plot are diagramed on Form
A. Enumerators keep Form A to use in locating the field on return visits. Sample identification
information such as governorate, district, stratum, village, hode, cluster, parcel and farmer name are
entered on al of the forms. Planting date, planting method, date, time and purpose of the field visit
are recorded on Form B.

The dimensions of the field are measured and recorded on Form A and Form B. Coordinates for
locating the two plotswithin the field are selected from atable of random numbers and recorded on
forms A and B. Using ameasuring tape the enumerator measuresthe proper number of metersalong
the edge of thefield and into thefield to find the plot location. Two adjacent 60cm x 60cm sections
arelaid out in asouth to north direction to establish plot one. Using the frame, the four sides of the
two sections are established and wood pegs are used to mark the corners. The diagonals of the
sections are measured to assure that the sections are square. The southwest 60cm x 60cm section
isthe count area and the second sectionistheclip area. The count areaiisdivided into quadrantsto
facilitate counting of plants. The clip areaisdivided into six 30cm x 20cm blocks. Plants from one
specified block will be harvested each month and the heads sent to the laboratory for analysis. A
two-meter long pole with flag tape is anchored in the ground one meter from the southwest corner
of the plot to mark its location. Plot two islocated and laid out in a similar manner.

Enumerators must take extreme care to avoid damage to the plants in and surrounding the plot on
every visit to thefield. Plantsin the plot must be maintained in their original condition to be truly
representative of the plants outside the plot.

Countsand measurements. Thefield activitiesto be completed each month are determined by the
maturity stage of the plantsin the plots. The number of stalks, number of late boot heads, and the
number of emerged heads in the count area are counted and recorded on Form B. If plantsin the
plotsarein maturity stage three or higher, the plantsin the specified clip block are harvested and the
heads sent to the laboratory for analysis. The count areaiis recorded on Form B by quadrant. When
maturity stage reaches six or seven, the plantsin the count area are harvested and the heads sent to
the laboratory for threshing. Grain from the threshed heads is used to compute final plot yield.
Instructions for laying out the plot and making monthly counts and measurements are recorded in
the instruction manual and on the reverse of Form B.
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Other measurements and observations. Observations of conditions like irrigation; humidity;
weeds, insects, and diseasesinfestation; predator damage; lodging and plant density are recorded on
FormB. Thisinformationwill be useful when reviewing thefield datain the office. Factorsaffecting
productivity such asfertilizer, pesticides, weather, seed source, and seeding rate are obtained from
the farmer.

Measurements are made for plant height, and flag leaf length and width. Studies are planned to
determine if these factors are correlated with the weight of heads at maturity or not .

Counts and measurements from Form B are copied to Form C-1, or C-2 and Form B is sent directly
to the office for processing.

Sending field samplesto the laboratory. Form C-1 accompanies field samples in maturity stages
3, 4, and 5 to the laboratory. Form C-2 isused when the count areais harvested, at maturity stages
6 and 7. Form C-3isfor aspecia study of five headsfrom plotsin maturity stage 6 and 7. Different
color identification tags are used for plants from the clip area and plants from the count area.

The laboratory sample for plotsin maturity stage 3, 4, and 5 consists of the heads from a specified
clip area. The green weight and dry weight of these heads are used in the head weight model. The
number of fertile spikelets and the number of grains per spikelet are used in the grains per head
model. Other measurements such as head length, head diameter, and stem diameter are made for
research purposes.

The laboratory sample for plots in maturity stage six or seven includes all of the heads harvested
from the count area. Heads are threshed and the grain is weighed, then dried, and re-weighed to
determine moisture content. The weight is corrected to 12.5% moisture and used to compute the
fina plot yield.

5.5.2 Laboratory Procedures

The laboratory work is very detailed and requires a great deal of patience. Technical skill isaso
needed to identify fertile spikelets and kernels in the spikelets. Planning and organization is
necessary to operate the laboratories efficiently. Samples arriving from the field must be clearly
labelled and tracked throughout the lab processing to avoid samples getting mixed. The processing
of clip block samples of immature heads requires great care to assure accurate counting of fertile
spikelets and kernels, and are the most time-consuming to process.

Threshing the mature heads harvested from the count area is more straightforward, but also must
be handled with care. The loss of a few grains can have a huge effect on the sasmple yield. The
samples are threshed by hand, which is difficult and time-consuming. A few sample plots were
harvested in maturity stage five because the farmer was ready to harvest the field. This had to be
doneto prevent losing the sample. Although headsin maturity stage five are physiologically mature
they are high in moisture and must be either air or oven dried before threshing. This extra step
presents another opportunity for samples to get mixed with other samples or to be mislabel ed.

Determining moisture content of the grain is a critical step that requires care to prevent losing
threshed grains. Moisture determination requires weighing the threshed grain, oven drying, then re-
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weighing it. TheMALR isplanning to acquire moisture metersfor the labs before next season. This
will speed up the lab processing.

5.5.3 Assessment of Field and Laboratory Procedures

It is recognized that this was a study, and some of the field procedures were not conducted under
operational conditions. However, the observations below are offered to assist with making
preparations for future surveys. Thefield staff iscommended for its efforts and progress during the
study. Skills and performance improved with each field visit, and by the end of the study
enumerators had gained a better appreciation for strictly following the procedures. Although the
interest level was high, the precision and the details required caused some problems for the
enumerators. Their experiencewith crop-cutting did not adequately preparethem for theforecasting
work.

Finding the plot, and in some cases even the sample field, on the return visits was often a problem.
Much time was lost searching for plots. In afew cases the plot couldn’t be found. When this
happens, the value of the data collected on previousvisit isrendered uselessfor modelling purposes.
An aternate plot can be laid out and the data used for current month computations, but this also
takes extratime. Enumerators need to carry the frame and all other materials needed to lay out a
plot. Some plots were relocated without using improper procedures and materials. Failure to
diagram the cluster and field properly and using inappropriate flagpoles to mark the location of the
plot were mgjor factors contributing to difficulty in finding the plots.

Excessive damage to plantsin and around the plots often occurred. Thiswas a study, and training
sometimes took precedent over observing proper field procedures. Severa people were often in
the field when there should have been no more than two. For training purposes in the future,
alternative plots need to laid out in the sample field. Preventing damage to the plot must be
emphasi zed.

When selecting sub-samples of heads, care must be taken to use random procedures. Thefirst five
heads from the clip block are used in the average weight per head model and need to be
representative of all of the heads in the plot. There is a tendency to pick the largest heads first.
Selecting heads larger than the field average gives afalse indication of head weight that carries over
into the forecast.

Care must be taken to include plants and heads of all sizes, whether aive or dead, when counting.
Quite often small heads and plants thought to be insignificant were overlooked. The result of
ignoring the smallest heads in the count area is the same as described above for the five random
heads.

Identification information should be entered on forms in the office and all field counts and
measurementsrecorded directly on the Form B. Enumerators often didn’t take Form B into thefield
and recorded counts and measurements on a variety of material and transferred the readingsto the
Form later. Thisincreases the chance for errors and takes extratime.



Using paper bags too small to hold all of the plants from a plot causes damage to the heads by
packing them into the bag. Bagswere sometimes not securely closed and heads spilled out. 1D tags
were sometimes separated from the bags.

The laboratory staff did an outstanding job while working under very difficult conditions. They
worked on their scheduled days off and spent long hoursin the lab to finish the work on schedule.
The work is hard and requires a high level of concentration to maintain accuracy. The moisture
metres will improve working conditions for next season. Laboratory threshers would be a great
addition the labs to enhance productivity.

5.6  Supervision and Quality Control
5.6.1 Description

A strong program of field and laboratory supervision was maintained throughout the study.
Enumerator teams were accompanied by a team member or afield supervisor on every field visit.
The purpose was twofold. The primary purpose was training the enumerators in proper field
procedures. Additionally, the close supervision assured that the survey resultswere consistent across
al survey sites. Although the purpose of the study was not to produce a definitive forecast of yield,
data consistency was important.

Forms B were sent directly from the field to the MVE office, where the data were entered into
EXCEL spreadsheet files. When the laboratory analysis was completed, the Form C data were
entered. All survey forms were manually reviewed for completeness and to identify any obvious
errors. Current months forms were compared with previous months reports as a check for
consistency. Form B datawas also compared with Form C datafor consistency. Differenceswere
resolved by consulting with the field supervisors and the lab staff.

5.6.2 Assessment

The supervision and quality control for the study was carried out in a manner, and at a level, that
probably can’'t be sustained in an operational environment. Either a team member or a field
supervisor accompanied the enumeratorson every field visit. Training wasthe main objectiveof this
intenseinteraction between theteam and thefield staff. Theresultswereahighly-trained enumerator
staff and consistency in the survey results. Another benefit of the close supervision was the
interaction between EAS staff and the research station personnel. The two field supervisors are
former governorate sampling office directors with previous experience in wheat and cotton
forecasting studies, added a valuable dimension to the fieldwork. They related well to the
enumerators and hel ped to create a compatible working atmosphere.

5.7  DataProcessing

Field enumerators count and measure several itemswithin or near the plots. Dataitems are used to
measure, plot size, number of heads, weight per head and harvest |oss.

The following are the data items collected and intended uses of these measurements:
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< Data items used to measure the size of each plot:
The distance of the four dimensions of each plot and plot diagonal (to adjust plot size to 60
cm x 60cm).

< Data itemsto forecast or estimate the number of heads:

. Number of stalks (stems) in each plot.
. Number of late boot heads in each plot.
. Number of emerged heads in each plot.

< Data items used to forecast or estimate kernels weight per head:

. Number of fertile spikelets on 5 heads sample (clip area).
Number of grains on 5 heads sample (clip area).
Weight of green emerged heads on 5 heads sample (clip area).
Weight of late boot heads (clip area).
Weight of kernels threshed from mature heads per plot.

< Data items used to estimate harvest |oss:

. Two plots (60 cm x 60 cm each), post-harvest.
. Kernels weight of heads per plot.
. Loose kernels weight per plot.

It should be mentioned that the collected data were checked and reviewed three times at various
levels (at the governorate sampling office, at the head office before entering data, and after the
data entry) before conducting the data analysis.

5.8 Statistical Analyses

5.8.1 Wheat Farm Sizein the Sample

Table 5-1 showsthat about 39% of samplefieldswerelessthan 0.5 feddanin size. About 29% were

0.5 feddan to one feddan, 14% were between one feddan and two feddans, 14% were between two
feddans to three feddans, and only 4% of field size were more than three feddans.
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Table 5-1: Frequency Distribution of Wheat Farm Size of the Sample

Farm Size Classes Frequency Percent % Cumulative

Per cent
< 0.5 feddan 22 39 39
- one feddan 16 29 68
- 1.5 feddan 6 10 78
- 2.0 feddan 2 4 82
- 2.5 feddan 1 2 84
- 3.0 feddan 7 12 96
More than 3.0 feddan 2 4 100
Total 56 100

Source: Calculated and compiled from wheat yield forecasting survey data 2000.

5.8.2 Planting Dates of Wheat Yield Forecasting Survey Sample

Table 5-2 shows the distribution of planting dates. November is the most favorable time to plant

wheat and yield potentia is reduced for planting after December 30. Slightly over 75% of the
sample fields were planted during the most favourable planting period.

Table 5-2: Frequency Distribution of Planting Dates of the Sample

Date of Planting Frequency Percent % Commutative
Per cent
First half of November 15 27 27
Second half of November 28 50 77
First half of December 9 16 93
Second half of December 4 7 100
Total 56 100

Source: Calculated and compiled from wheat yield forecasting survey data 2000.

5.8.3 Harvesting Dates of Survey Sample

Table 5-3 shows the distribution of sample field harvest dates. Thefirst sample field was harvested
on April 20 and all fields were harvested by May 9. Nearly 90% of the samplefields were ready for

harvest by the third and fourth field visit.
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Table 5-3: Frequency Distribution of Harvesting Date of the Sample Survey

Valid Frequency Per cent Cumulative Per cent
22-Apr-00 4 35 35
23-Apr-00 2 1.8 5.3
24-Apr-00 6 5.3 10.6
25-Apr-00 10 8.8 19.5
26-Apr-00 13 115 31
27-Apr-00 14 12.4 434
29-Apr-00 14 12.4 55.8
30-Apr-00 11 9.7 65.5
02-May-00 20 17.7 83.2
06-May-00 10 8.8 92
07-May-00 3 2.7 94.7
08-May-00 2 1.8 96.5
09-May-00 4 35 100
Total 113 100

Source: Calculated and compiled from wheat yield forecasting survey data 2000.

5.8.4 Comparison between Survey, Research Station and AERI Wheat Yield Forecasting
Estimates

Table 5-4 demonstrates that the survey number of spikes per m? for all varieties except Gimmiza 5
werewithin range of research data. The averageis 366/nv for the survey, 350-450/m? for research,
and about 425/ for AERI data.

Number of grains per spike was different for most of varieties for survey data and research data
except Giza 164. Varieties Sakha 69, Sakha 61, and Gimmiza 5 were less than research by about
7-8 gm/spike, but for Durum, the survey datawas greater than research data by about 7 gm/spike.

The overall average was 45.19 graing/spike for survey against 52 grains/spike for research data. No
datais available for AERI.

Average weight of kernels per head shows more difference between estimates. Most of survey
varieties were less than research data except Durum and Giza 164. The overall average was 1.89
against 2.51. For special survey sample (5 spikes near every plot) seemsto be very close.

These differences between research station data and the survey data are within expectations. The
controlled environment under which the research plots were grown should produce higher yield
estimate than the randomly selected farmer’ sfield. Dataof AERI were lessthan both (1.56 average
head weight).
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5.8.5 Comparison Between Varieties and Governorates

. Anaysisof variance, Table 5-5, showed no significant differenceinyield among all varieties.

. ANOVA showed the same results for the different governorates of the study, Table 5-6.

. For variety Sakha 69 which was common in all governorates, a one way ANOVA was
conducted, also insignificant, Table 5-7.

. ANOVA which includes both varieties and governorates proved that only the interaction

between governorate and variety was significant at the 0.035 level, Table 5-8.

Table 5-4: Comparison between Survey, Research Stations and AERI Wheat Yield
Forecasting Estimates

Varieties Number of Spikes/m? Number of Graing/Spike | Weight/Head (gm
Survey Resear ch AERI Survey Research | AERI Su(rl\;ey Su(rz\;ey Resear ch AERI
Sakha 69 366 | 350-450 - 43.01 50 - 171 | 2.32 2.40 -
Sakha 61 400 | 300-400 - 40.54 50 - 164 | 2.32 2.60 -
Sakha 8 436 | 350-450 - 52.80 50 - 217 | 280 | 2.10 -
Giza 164 378 | 350-450 - 54.73 55 - 251 | 2.77 2.42 -
Gimmiza 5 222 | 450-550 - 44,10 55 - 216 | 3.14 2.64 -
Durum 387 | 320-380 - 57.15 50 - 3.09 | 351 | 290 -
Total 366 | 350-450 | 425 | 45.19 52 - 189 | 242 251 1.56

Source: Whest Yield Forecasting survey 2000 and AERI reports (annex E).
5.9 Forecast Modelsand Applications
5.9.1 Regression Models

The forecast models have the following form:

Y,=a+bx

Where

Yi = Number of heads or weight per head.

a = Number of heads or weight per head when x equals zero.

b = The change in number of heads or weight/head for each unit increasein x,

Xi = Theindependent measurements. number of stalks, number of emerged pluslate boot heads,

number of fertile spikelets’head, number of grains/head or weight/head.
5.9.1.1 Forecast Number of Heads (Y )
Y; =a+ bx
Where X = number of stalks, or
X = number of emerged and late boot head.

Notice that the out layers were excluded (2-7 plots), most of them in new lands.
A. Plot level

39



Table5-9 containsagroup of regression modelsfor the severa visitsand maturity categories. Based
on plot counts as a database to forecast number of heads, all models are highly significant.

First Visit (January 27-February 07, Maturity Stage 1,2)

Y  =514+049X,

Where

Y forecast number of heads

Xll
R o071
R® 051

Table5-5: ANOVA for Total Head of Different Varieties, Harvest visit

number of stalksin the first visit (late of Jan.)

SO.V. Sum of Squares | df |Mean Square F Sig.
Between Varieties 10056.35138 5 | 2011.270276 | 1.460907 | 0.208728
Error 147309.8433 107 | 1376.727508
Total 157366.1947 112

Table 5-6: ANOVA for Total Head of Different Governorates, Harvest visit

SO.V. Sum of Squares | df |Mean Square F Sig.
Between Governorates 8277.10469 6 | 1379.517448 | 0.980815 | 0.442012
Error 149089.09 106 | 1406.500849
Total 157366.1947 112

Table5-7: ANOVA for Total Head of Sakha 69 in Different Governorates, Harvest visit

SO.V. Sum of Squares | df | Mean Square F Sig.
Between Governorates 7540.48081 6 1256.746802 | 0.906731 | 0.495845
Sakha 69
Error 88705.2375 64 | 1386.019336
Total 96245.71831 70
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Table 5-8: Two Way ANOVA for Governorates and Varieties, Dependent Variable: Total
Head in the Harvest visit

Source Typelll Sumof | df | Mean Square F Sig.
Squares

Corrected Model 21289.35302 12 | 1774.112752 | 1.303758 | 0.228286
| ntercept 670143.7987 1 670143.7987 | 492.4745 0
GOV 6492.697836 6 1082.116306 | 0.795224 | 0.575826
VARIETY 5782.495044 5 1156.499009 | 0.849887 | 0.51771
GOV * VARIETY 6208.318699 1 6208.318699 | 4.562362 | 0.035123
Error 136076.8417 100 | 1360.768417
Total 2112048 113
Corrected Total 157366.1947 112

R Squared = .135 (Adjusted R Squared = .032)

Second Visit (February 27-March 01, Maturity Stages 2,3)

Y =32.43+0.67 X,

Where

X, thenumber of stalksin the second visit.
R 0.78

R? 0.61

Third Visit (March 23-April 02, Maturity Stages 3,4,5)

Two models could forecast the number of headsin this visit:

1) Y =18.33+0.86 X, R=0.90 R?=0.82
where X5 isthe number of stalksin third visit.
2) Y =44.50 + 0.72 X4, R=0.83 R?=0.68

where X; isthe number of emerged heads in third visit.

Model (1) in the third visit seemed to be better than model (2). Number of stalks still the most
important independent variableinthisvisit. Model (1) generated ahigher R? than model (2) (number
emerged heads + late boot heads) to forecast fina number of heads (see table 2-1 for models
description).

Fourth Visit (April 20-May 01, Maturity Stages 5,6,7)

One model is the best using number of emerged heads as an independent variable.
Y =23+0.99X,, R=0.98 R?>=0.97

Where X, isthe number of emerged heads per plot.

Note that about 65.5% of the plots were harvested in this visit.

Harvest Visit

Final plot harvest started on April 22 and ended May 08.
Y = 131.9 (actual count of emerged heads final).
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To be used as historical average in the next year.
B. Field Level (Plot 1 + Plot 2 within field)

Table 5-10 based on field level data (plot 1 + plot 2). It includes also the same models with R? equal
0.58, 0.65, 0.81, 0.77, and 0.98 respectively.

5.9.1.2 Forecast Threshed Grains (Kernels) Weight/Head (Y,,)

R12 (le) + R22 (YWZ)

Y, = -mmmmmmemmmmmemmeoeoees
R12 + R22
Where
Y. = combined weight per head from forecast models (1) and (2) weighted by R?
Vaues.

Y,, = forecast weight per head from model (1).
Y., = forecast weight per head from mode (2).
R;? = multiple correlation coefficient for model (1).
R, = multiple correlation coefficient for mode (2).

A. Plot Level
Table 5-11 demonstrates the models for plot level.
- First Visit (late January)
Only historical average use
- Second Visit (late February)
Three models were used to forecast average weight/head:
1) Y, =0.382+0.641 X, R =0.69 R?>=0.48
Where X, is the average weight of green head.

2) Y, =0.725+ 0.325 X,, R=0.74 R>=0.55
Where X,, is the average weight of late boot (enclosed head with flag leaf)

3) Y, =0.704 + 0.134 X, R =0.67 R?=0.45
Where X,, is the average number of fertile spikelets per head.

- Third Visit
Only one model was used to forecast final weight per head.

Y, =0.676 + 0.0263 X, R=0.76 R?>=0.58
Where X ,; is the average number of grains per head.
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- Fourth Visit
Two models out of four models could be used to forecast average weight of head.
1) Y,=0.162 + 0.652 X,, R=0.92 R?=0.85
Where Y, isthe fina weight/head from 5 spikes sample.
X4 isthe average weight of green head in fourth visit.

2) Y,=0.0045 + 0.0537 X, R=0.86 R*=0.74
Where X, is the average number of grains per head (fourth visit).

- Harvest Visit

Actual threshed weight per head adjusted to standard moisture determined by the laboratory.
Y,=1.86 Use as historical average in the next year.

B. Field Level
Table 5-12 demonstrates the models for field level. The results are close to plot level’ s results.

These models need to be supported with other models in additional two years as a database (3-5
years). After five years, we have to drop one year and add another one.

5.9.2 Survival Ratio Models (SR)

S.R. = Final emerged head number _
Number of stalks or number of emerged heads in the visit

Forecast Number of emerged heads can be obtained as follows:

= Number of stalksx S.R, or
= Number of emerged heads x S.R, or
= (Number of emerged heads + late boot) x SR,

Table 5-13 shows the survival ratios for every visit. The ratios were as follows:

- Visit (1): SR, = 0.84

-Vist(2: SR,=0091
-Vist(3: SR,=1.00
-Vist(3: SR,=1.05
-Vist (4 SR,=101
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Table 5-9: Forecasting Total Number of Heads, Plot level

Maturity Category | Model Independent Variable Form F R R? N X y
First Visit 1 |Stalks Number First Visit Y = 51.4%* +0.49 X **
Late Jan. (6.58) (10.65) 113.35** | 0.71 | 051 | 112 |161.04
1.2
Second Visit 1 [Stalks Number Second Visit  |Y = 32.43** + 0.67 X ,**
L ate Feb. (412) (13.2) 172.34** | 0.78 | 0.61 | 113 [147.72
(23
Third Visit 12 |Stalks Number Third Visit Y =18.33** + 0.86 X;;** | 481.01** | 0.90 | 0.82 | 110 |133.84
Late March (252) (20.83)
(3,4) Y = 4450 + 0.72 X;**
Emerged Head Third Visit (6.12) (0.047) 222.27** | 0.82 | 0.67 | 111 [123.09
Fourth Visit 1 |Emerged Head Fourth Visit Y =2.30 + 0.99X,,** 4177.73** | 098 | 0.97 | 113 |130.50| 131.52
Late April (1.1 (64.63)
(5.6)
Harvest Visit Actual Count of emerged Y =131.9
(6,7) heads and detached heads

Y = Total number of Heads
X, = Stakes Number first visit
X, = Stakes Number Second visit

X5 = Stakes Number Third visit

X,3 = Late Boot Third visit
X33 = Emerged head Third visit

X3, = Emerged head Fourth visit




Table 5-10: Forecasting Total Number of Heads, Field level

Maturity Category [Model | Independent Variable Form F R R? N X y SE.
First Visit 1 [Stalks Number First Visit  |Y =93.89** + 0.50 X, **
Late Jan. (464) (8.39) 70.3** | 0.76 | 0.58 52 |326.20 39.09
(1.2)
Second Visit 1 |Stalks Number Second Visit [Y =58.48** + 0.70 X,,** | 96.77** | 0.8 | 0.65 55 [293.40 37.46
Late Feb. (273) (9.84)
(2,3)
Third Visit 12 [Stalks Number Third Visit |Y =40.02* + 0.85 X ;** |216.78** | 0.90 | 0.81 53 |268.57 25.25
Late March (251) (1472
(3.4)

Emerged Head Third Visit Y =62.78** + 0.81 X ;** | 163.42** | 0.88 | 0.77 51 |252.88 27.74

(382 (12.78)

Fourth Visit 1 |Emerged Head Fourth Visit |Y =1.10 + 1.00X,,** 2345.25**| 0.99 | 0.98 56 | 260.5 | 262.6 | 9.37
(5,6) (1.2) (64.63)
Harvest Visit Actual Count of emerged  |Y =263.8
(6,7) heads and detached heads

Y = Total number of Heads

X, = Stakes Number first visit
X, = Stakes Number Second visit
X5 = Stakes Number Third visit
X,3 = Late Boot Third visit

X33 = Emerged head Third visit
X5, = Emerged head Fourth visit
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Table 5-11: Forecasting Final Weight of Head, Plot L evel

Visit & Maturity Category | Mode Independent Variable Final Weight of Head
Form F R R? M SE n
First Visit 1 Historica Average
Second Visit 1 Average weight of green head Y,=0.382+ 0.641 X, 34.83 0.69 0.48 40
(1.73) (5.90)
2 Average weight of late boot Y,=0.725+0.325 X ,, 49.43 0.74 0.55 43
(5.72) (7.03)
3 Average number of fertile spikelets | Y, =0.704 + 0.134 X, 26.71 0.67 0.45 34
per head (1.46) (5.17)
Third Visit 1 Average number of grains per head | Y, =0.676 + 0.0263 X ,;* 66.48 0.76 0.58 51
(4.38) (8.15)
Fourth Visit 1 Average weight of green head Y,=0.162 + 0.652 X, 574.33 0.92 0.85 106
(1.68) (23.97)
2 Average number of grains per head | Y, = 0.0045 + 0.0537 X4, 301.45 0.86 0.74 106
(0.032) (17.36)
3 Average weight of green head Y,=0.67+0.35X,, 35.28 0.50] (0.25)
(3.18) (5.94)
4 Average weight of grains 12.5% Y, =0.4296 + 0.60 Xs, 61.58 0.61 0.37 106
moisture (2.27) (7.85)
5 Actual threshed weight per head
Harvest Visit Actua threshed weight per head Y,=1.86
adjusted to standard moisture
determined by the laboratory

Y. = Weight of Kernels/ head (12.5%) Gm.

X1.= Average weight of green heads Gm.
Xs,= Average weight of Dry grainghead fourth visit Gm.

Y, = Weight of Kernels /head from 5 samples Gm.
Xy, =Average weight of green headsin the second visit Gm. X ,,=Average weight of late boot heads in the second visit Gm.
X4 = Average Number of Spikelets/ head in the second visit X ,;= Average numbers of Graing/ head third visit

X = Average Number of Grains/ head fourth visit
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Table 5-12: Forecasting Final Weight of Head, Field L evel

Visit & Maturity Category | Model Independent Variable Final Weight of Head
Form F R R? M SE
First Visit 1 Historical Average
Second Vist 1 Average weight of green head Y, =0.312 + 0.687 X, 22.68 0.73 0.53| 0.084 22
(1.06) (4.76)
2 Average weight of late boot Y,=0.805+0.334X ,, 17.29 0.63 040| 0.125 28
*
(3.63) (4.16)
3 Average number of spikelets per head | Y, =0.168 + 0.105 X3, 29.99 0.77 0.60| 0.069 21
(0.489) (5.48)
Third Visit 1 Average number of grains per head Y,=0.715+ 0.029 X4 29.25 0.69 0.47 0.189 35
(3.30) (5.41)
Fourth Visit 1 Average weight of green head Y, =0.296 + 0.455 X, 29.40 0.60 0.36 53
(0.997) (5.42)
2 Average weight of green head Y, =0.242 + 0.630 X, 228.55 0.90 0.81 53
(1.65) (15.12)
3 Average weight of graing/head 12.5% Y,=0.16 + 0.78 X5, 59.67 0.73 0.53 53
moisture
4 Actual threshed weight per head 12.5%
moisture
Harvest Visit Actual threshed weight per head adjusted | Y, =3.72

to standard moisture determined from the
|aboratory

Y, = Weight of Kernels/ head (12.5%) Gm.

Y, = Weight of Kernels /head from 5 samples Gm.
Xy, =Average weight of green headsin the second visit Gm.  X,,=Average weight of late boot heads in the second visit Gm.
X4 = Average Number of Spikelets/ head in the second visit X ,;= Average numbers of Graing/ head third visit
X1,= Average weight of green heads Gm.
Xs,= Average weight of Dry grains/head fourth visit Gm

X.= Average Number of Grains/ head fourth visit Gm.
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Table5-13;: The Mean and Standard Error for the Survival Ratios

Visit Survival Ratio
Mean SE.
First Visit* 0.84 0.02
Second Visit* 0.91 0.03
Third Visit* 1 0.01
Third Visit** 1.05 0.02
Fourth Visit** 1.01 0.01

* Total Mature Heads in the harvest visit / Stalks number in the visit
**Total Mature Heads in the harvest visit / (Emerged heads + Late boot )

Source: Calculated and compiled from Wheat Yield Forecasting Survey Data 2000.
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5.10 Wheat Yield Estimatesfor Year 2000-Harvesting Visit Results

Actua number of heads and actual head weight, which are obtained during maturity
categories 6 and 7 (Hard Dough & Ripe), are used to calculate gross yield per feddan. The
following final lab data and gleaning measurements of post harvest grain, are obtained for a
plot:

* Number of emerged heads, detached heads, and heads in late boot = 132.7

* Number of heads threshed =1319
* Threshed weight of kernels (12.5%)* moisture content =245.2 gm.
* Post-harvest gleaning kernels 12.5% =24gm.

Calculated weight per head, gross yield per feddan, harvest loss and net yield:
* Weight per head = (threshed weight of kernels 12.5%)/number of heads threshed
=245.2/131.9 = 1.85898 gm.

* Grossyield/feddan = (number of heads) (weight per head) (conversion factor)
=[(131.9) (1.85898)] [0.07778]
= 19.07 Erdab

* Harvest loss per feddan = weight of threshed kernels 12.5% x conversion factor
(3.38) (0.07778) = 0.26 Erdab/feddan.

* Net yield = grossyield — harvest loss
=19.07 — 0.26 = 18.81 feddan (4200 n?)

* Adjusted net yield for utility coefficient of feddan 0.95 of feddan
= (18.81) (0.95) = 17.87 Erdab/feddan (3990 nr)

Table (5-19 ) summarizes whest yield estimates-2000

From plot weight to feddan yield:

4200 n? (fed./area) * 1
0.36 n7 (plot area) 1000 gm.X150kg. (weight /Erdab)

Conversion factor
= 0.07778

* Threshed weight of kernels 12.5%:
= [threshed weight of kernels (1.0 — moisture content)]/0.875
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Table 5-14: Wheat Yield Estimates, Harvest Visit Maturity Stages (Hard Dough & Ripe)

Item Unit Average | S.EE | (0.05) (0.05)
% | Lower | Upper
Limit Limit
Number of heads per plot. No. 131.9| 2.68| 124.925| 138.875
Average weight of kernels Gm. 1.859] 3.02 1.746 1.972
(12.5% moisture)/head
Average weight of kernels Gm. 2452 3.68| 227.34| 263.06
)12.5% moisture(/plot
Conversion factor from plot to Coeff. 0.07778 - - -
gross yield/feddan
Grossyield per feddan Erdab 19.07| 3.68 17.68 20.46
Harvest loss per feddan Erdab 0.26
Net yield (4200 n¥ feddan) Erdab 18.81 17.08 20.20
Utility coefficient of feddan Coeff. 0.95 -
(2990 n7)
Adjusted net yield to feddan Erdab 17.87 16.23 19.19
3990 n?.

The upper limit of the estimates is about 19.19 Erdab/Feddan and the lower limit is about
16.23 Erdab/Feddan (confidence level 95%). Those results are close to the results of crop-

cutting.
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6. PROPOSED CHANGESTO THE CURRENT SYSTEM

Crop cutting at harvest has been the main method for estimating wheat yield in Egypt since
1956. Various attempts have been made to institutionalize a program for providing reliable
pre-harvest forecasts of yield. The survey procedures and training outlined in this report
provide the guidance needed to begin yield forecasting in earnest.

6.1  Overview of the New System

The proposed changes will put in place a system for making reliable pre-harvest forecasts of
wheat yield. Small plots established in randomly selected fields early in the season, and
revisited periodically during the season to make specified counts and measurements, can
provide the data needed to accurately forecast fina yield. Counts and measurements, and
laboratory analysis of heads harvested from the plots, are used in mathematical models to
forecast number of heads and weight per head at harvest. The procedures userelatively few
sample fields and very small plots. This places a heavy burden of responsibility on the
operational staff to maintain ahigh level of accuracy. Although the basic concepts of using
objective field plot data for forecasting are the same as for crop cutting, there are many
differencesin the two systems. First, the forecasting plots are very small, less than 1/5 the
size of the crop cutting plots. Second, forecasting plotsare laid out in the samplefield early
in the season and revisited severa times before harvest. Crop cutting plots are laid out and
harvested on the same day the sample field is harvested. The main difference, however, is
how the plot data are used and the output produced from it. Crop cutting surveys provide
an estimate of yield after harvest while forecasting provides a projection of yield at various
times during the season before harvest, as well asfinal at harvest yield.

6.2 Design and Implementation of a New System

The study results showed that early season forecasting methodology is suitable for Egypt.
Thischapter outlinesthe proceduresfor devel oping aprogram along the lines of the methods
and procedures used in the study. Detailed procedures for designing and conducting the
surveys and using the survey results to make forecasts are covered in Chapter 5 and the
Annex of thisreport. Implementation can begin with the next whesat season (2000-2001).

6.2.1 Responsibility for Implementation

The decision to begin this new work must come from the top management in MALR and
EAS. It calls for a mgor commitment of support in the form of resources and the
empowerment of operational level staff to moveforward withimplementation and operation.
The image of crop forecasting needs to be raised to a level that givesit the same status as
crop cutting. Thiswill draw engineersinto it asthe best way to advancein the organization.
Too many timesin the past, initiatives like this have faded from the scene as soon as donor
funding ended. The support EAS gave to the study at all levels was a good sign that top
management is committed to making early season forecasting a part of its regular statistics
program. Putting the program into operation then becomesthe responsibility of CAAE staff
at all levels. Changes in organizational structure are needed to shift the responsibility for
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some functions closer to the operational level. The decentralized responsibilities will put
governorate officesin abetter position to use their knowledge of local conditionstoimprove
the quality of forecasts.

A program of this scope and intensity probably can best be started in phases. Phasing the
program in over two or three years would allow experience and momentum to build. It
would also improve the chances that the program becomes a lasting success. There will be
problems, and even some failures along theway. Moving in phases provides an opportunity
to work out problemsasthey devel op, and benefit from the solutionsin later phases. Trained
staff with experience gained in early phases will be arich resource for beginning the later
phases.

6.2.2 Structuring for Forecasting

Theresponsibility for all functionsfrom sampling to making forecasts needsto be placed with
the governorate offices. This would require decentralizing some responsibilities and
restructuring the offices along functiona lines. The DOSwould retain full responsibility for
national coordination and oversight. Such an alignment would optimize utilization of staff
and workflow. Staff could betrained in specific operations, and through experience, develop
a high level of expertise. The plan outlined in Section 6.5 provides the needed training to
prepare staff to carryout the full range of duties. Crop forecasting schedules operate on a
very tight time schedule and many operations must be going on simultaneously. Offices
organized by function would be more able to respond to the tight time schedules.

Following a national calendar showing the dates various forecasts are needed, the DOS
would prepare the survey schedule for meeting the dates. All operations from selecting the
survey sample to making the forecast would be done in the governorate offices. To prepare
staff to assume this added responsibility, the proposed training program needs to be started
Very soon.

The number of laboratories will need to be increased from the two now in operation to four
or five. Regional laboratories are preferable to having alab in each governorate for several
reasons. Fewer labs mean less equipment is needed. With fewer labs to furnish, more and
better equipment can be provided for the regional labs. Training for lab technicians can be
concentrated on fewer people. Fewer technicians handling the lab work should result in
higher-quality work. A disadvantage of regional labsis the need to transport field samples
to another governorate.

The regiona field supervisors used during the study were very effective in their role as
trainersand coordinators. They provided valuable one-on-oneinstruction and kept the work
moving. Although there is no prevision for such a position in the MALR organization,
regional supervisors would be a great addition to the DOS staff to assist with forecasting
surveys.

6.3  Operating the System for Forecasting
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This section summarizes the major operations necessary to operate and manage the new
sysem. The steps from survey design to making the forecast must be carried out
sequentially. The operations are presented in the order they need to beinitiated. However,
several operations may be active simultaneoudly at various times during the survey period.
Detailed operational procedures are in the Annex.

6.3.1 Data Requirements

The desired output from the system will determine the data needed to drive the program.
The date needed in the first forecast and the number of forecasts to be made should be
determined before designing the work plan and its implementation.

It is known that forecasting uses both historic data and current data to produce future data.
Historic data come from a database of previous survey results. Current data are the results
of counts and measurements to assess present conditions. The two are used together to
produce forecasts. Hence, establishing the database for annual survey dataisvery essential.

6.3.2 Sampling Technique

The geographic level and precision of theforecastsdeterminethesamplesize. First, thelevel
of theforecast must be determined (district, governorate, national). Next one needsto know
the desired precision (standard error) of the forecasts desired. Using these factors, and any
knowledge about the variance of the sampling units, the optimum sample size can be
determined. Sample size needs to be determined early enough to alow for preparing
adequate survey materials. The team estimates that reliable forecasts can be made at the
national level with asample of 200 - 300 fields. Governorate-level forecasts would require
60 - 80 samplefields.

In the past, forecasting survey samples have been selected as a sub-set of the crop-cutting
sample. Applying the crop cutting sampling procedure in its pure form results in larger
samples than are needed for forecasting. A sampling procedure needs to be designed
specifically for forecasting.

The results of wheat yield forecasting in 2000 provide guidance for planning future surveys.
The anaysis of variance of plot measurements, especialy yields, can be utilized for
determining the total number of plots needed to estimate the mean yield with a given

accuracy. This can be done with the help of the following formula:
S

SE%=%*100

Where SE% is the standard error percentage of the estimate, nisthe total number of plots
used, O is the total average plot yield or other plot measurements and s is the standard
deviation of the estimate.

This equation can be written as:
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n= * 100°

(SE%)? x?
From this formula we can calculate sample size at different levels of standard error
percentages (SE%) (1,2,3,4,5) asfollows:
Sample size for kernel weight per plot

(95.83)?
R * 100°
(SE%)? (254.2)°

Sample size for head number per plot
(37.42)?
N = —mmmmmmmmeee e * 1002
(SE%)? (131.9)
Sample size for average head weight
(0.604)?

= —mmomeemmmmmeee * 1007
(0.057)% (1.889)>

Table 6-1: Sample Sizefor Different Levels of Precision

SE. % Number of Plots Needed for forecasting
Average Weight of Average Head Average Weight of
Kernels/Plot number/Plot Head (Kernels)
1 1527 1022 808
2 382 256 202
3 170 114 90
4 95 64 51
5 61 61 33

Table 6-1 shows that about 170 plots are needded to estimate the average weight of kernels
per plot (60 cm x 60 cm), about 114 plots to estimate number of heads per plot, and about
90 plots to estimate kernel weight per head at the 3% level of precision.

The pooled analysis of variance of plot yields can be utilized for determining the number of
clusters (or primary sampling units) which have to be sampled for a given number of fields
within cluster, and for a given number of plots per field to estimate the mean yield within a
given precision.
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This can be done by applying the following formula:

. C F P
V(IY)=-- + -+ -
n mn nml

Where V(Y) isthe variance of the estimated average yield of thetract, nisthe total number

of clusters selected, misthe number of fields selected in each cluster, | isthe number of plots
ineach field, and C, F, and P are the true variance components estimated “ between cluster”,
“between fields’, and “between plots’ respectively, and nis distributed among the stratain
proportion to the area under the wheat crop.

6.3.3 Whether to Use Morethan One Plot per Field

To answer the question of whether to use one or two plotswithin afield, Table 6-4 shows
the comparison of sample means of paired observationsfor plots 1 and 2 within afield. The
null hypothesistested isthat the mean of the popul ation of differencesiszero; the alternative
isthat the mean is not zero. The test criterion is distributed as t when the assumption that
differences are normally distributed is correct and the null hypothesisis true.

The results could be summarized as follows:

Number of spikes per plot (56 pairs)

Average of plot (1) = 130.8 plot (2) = 132.5
Standard error % plot (1) = 3.7% plot (2) = 4.0%
t calculated 0.28 for 55 df

Here the observed difference is explained on the basis of random sampling from the
population associated with the null hypothesis. The null hypothesisis not rejected on the
basis of the evidence presented. In other word, there is no significant difference between
observations of plots1 and 2 within afield.

Average yield/plot (12.5% moisture)

Averageyield plot (1) = 235.6 gm plot (2) = 253.2 gm
Standard error % plot (1) = 4.9 plot (2) =5.5
tcaculated 1.69 for 55 df
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Table 6-2: Number of Heads per Plot Within the Field and it's difference

Number of Heads /plot

Yield /plot gm Weight 12.5%,

Moisture
Different Different
Plot | Plot 2 Plot 1 Plot 2

1 142 172 -30 205.60 261.37 -55.77

2 176 153 23 277.26 241.49 35.77

3 97 63 34 220.34 128.69 91.66

4 130 155 -25 125.71 193.14 -67.43

5 93 105 -12 150.74 203.20 -52.46

5] 101 143 -42 86.29 210.40 -124 11

7 57 93 -36 87.09 155.20 -68.11

8 130 121 9 218.06 152.46 65.60

] 114 193 -79 176.00 178.29 -2.29
10 130 136 -6 217.14 254.40 -37.26
11 110 136 -26 171.31 137.60 33.71
12 116 65 51 247.09 152.69 94.40
13 98 189 -81 21943 24937 -29.94
14 145 145 0 89.71 155.43 -65.71
15 93 76 17 182.86 128.91 53.94
16 121 122 -1 212,11 175.89 36.23
17 126 120 6 248.46 218.06 30.40
18 90 84 6 190.17 160.91 29.26
19 70 105 -35 186.63 217.14 -30.51
20 124 117 7 277.26 297.83 -20.57
21 109 126 -17 219.20 295.66 -76.46
22 198 154 44 109.83 185.14 -75.31
23 103 149 -46 185.94 299.66 -113.71
24 196 166 30 275.20 259 .54 15.66
25 87 55 32 10.40 87.09 -76.69
26 105 116 -1 219.43 174.63 44 80
27 157 138 19 327.66 20423 123.43
28 111 98 13 234.86 167.43 67.43
29 227 157 70 353.94 395.09 -41.14
30 138 100 38 242.29 162.40 79.89
31 155 145 10 261.60 185.37 76.23
32 186 133 53 277.49 292.11 -14 .63
33 146 153 -7 214,97 322.29 -107.31
34 113 108 5 260.69 22891 31.77
35 172 135 37 268.80 279.43 -10.63
36 100 70 30 227.31 147.43 79.89
37 96 189 -03 195.20 261.94 -66.74
38 134 142 -8 222.97 249.94 -26.97
39 159 138 21 335.66 26434 71.31
40 177 112 65 329.49 194 06 135.43
41 109 103 6 261.37 257.94 343
42 162 134 28 404.00 381.26 22.74
43 184 207 -23 250.40 421.94 -171.54
44 118 183 -65 294.63 412.80 -118.17
45 118 143 -25 409.14 30571 -96.57
46 109 103 6 294.06 29851 -4 46
47 80 124 -44 235.66 350.29 -114.63
48 143 209 -66 305.94 462.51 -156.57
49 159 126 33 385.37 287.54 g7.83
50 169 195 -26 406.97 582.06 -175.09
51 123 128 -5 250.40 32914 -78.74
52 145 98 47 346.29 327.20 19.08
53 134 65 69 7201 79.54 -7.43
54 94 242 -148 95.09 23451 -139.43
55 191 147 44 326.06 416.80 -90.74
56 157 133 24 294.74 20977 -5.03
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Table 6-3: Descriptive Analysis for the Difference Between Plot One and Two

B Number of Heads /plot Yield /plot gm Weight 12.5% Moisture
Plot 1 l Plot 2 l Difference Plot 1 | Plot 2 Difference

Mean 130.8392857 132.4464286 -1.607142857 235.6142857 253.155102 -17.54081633
Standard Error 4774375378 5.282408913 5.794515912 11.65978164 13.88200678 10.36316132
Median 125 133.5 6 235.2571429 245.4285714 -12.62857143
Mode 130 153 6 277.2571429 #N/A #N/A
Standard Deviation 35.7281538 39.52992866 43.36218653 87.25381618 103.8834264 77.55079821
Sample Variance 1276.500974 1562.61526 1880.279221 7613.228438 10791.76629 6014.126304
Kurtosis -0.157883514 0.245253528 1.369643103 0.12956126 1.002836873 -0.752161651
Skewness 0.458481405 0.319676539 -0.918858707 -0.205137896 0.949577286 -0.097449791
Range 170 187 218 398.7428571 502.5142857 310.5142857
Minimum 57 55 -148 10.4 79.54285714 -175.0857143
Maximum 227 242 70 409.1428571 582.0571429 135.4285714
Sum 7327 7417 -9G 13194.4 14176.68571] -982.2857143
Count 56 56 56 56 56 56




Table 6-4a: t-Test in Pairs for the Number of Heads/plot (1) and (2) T
Within the Field

t-Test: Paired Two Sample for Means

able 6-4b: t-Test in Pairs for the Wheat Yicld per plot

(1) and (2) Within the Field

t-Test: Paired Two Sample for Means

Variable 1 Variable 2
Mean 130.8392857 132.4464286
Variance 1276.500974 1562.61526

Observations
Pearson Correlation
Hypothesized Mean
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tail

t Critical two-tail

56
0.339451857
0

55
-0.277355845
0.391273363
1.673033694
0.782546726
2.004044291

56

Plot | Plot 2
‘Mean 235.6142857 253.155102
Variance 7613.228438 10791.76629
Observations 56 56
Pearson Correlatio 0.683503989
Hypothesized Mea 0
df 55
t Stat -1.692612494
P(T<=t) one-tail 0.048093678
t Cnitical one-tail 1.673033694
P(T<=t) two-tail 0.096187357

t Critical two-tail

2.004044291




The difference between the two plots in average is still insignificant.

For the whole sample 113 plots
Average yield/plot 245.17 gm.
SE% 3.17%

Therefore, the use of one plot or two plots within field has to be discussed on the basis of
both cost and accuracy of the survey. Thisissue needs more investigation and research.

6.3.4 Pre-Survey Preparation

Proper pre-survey preparation isthefirst step in an efficient and successful survey operation.
Planning for next year’ s survey ought to start as soon asthe current year 'ssurvey ends. The
first thing that should be doneisto update the historic databases with the current year’ sdata.
This preserves the data for future use and guards against accidental loss. The best time to
check the condition of equipment is when the current survey ends and beforeit is stored to
be used next year. If broken or unusable equipment is stored, it will still be in the same
condition when taken out of storage. Repairing and inventorying all equipment beforeitis
stored prevents alast-minute rush to get enough equipment together to start the next survey.
Having all of the equipment and supplies ready before the survey starts setsthe stage for the
entire survey. Every enumerator team needs a complete set of field equipment, and extra
equipment should be held in reserve because itemswill break or belost during the fieldwork.
Laboratory scales and balances should be checked for accuracy and repaired or replaced if
it need to be.

Adequate supplies are a necessity for enumerators to do high-quality work. Budgeting for
expendable itemsisawaysdifficult, but it must be done. Cutting cornerson survey supplies
always resultsin substandard work. Every enumerator should have a complete and current
survey manual. The manuals need to be covered in detail during the pre-survey training.

Although training is an ongoing need, and should be done throughout the survey cycle, itis
discussed here because pre-survey training is of primary importance. Thereisno substitute
for awell-trained staff. Training, like quality control, is an added expense, and sometimes
iscut back for budgetary reasons. When this happens, data quality suffers. If trainingisde-
emphasized over along period of time, survey results may become uncertain and suspect.
Survey-specific training should be coordinated through the DOS to assure nationwide
consistency, and needs to be considered a necessary part of the survey process.

Pre-survey training can be effectively done in two ways, both of which ensure consistency
across al governorates. One way isto train the trainers and have them train the sampling
office staff. Key people from each governorate would be trained in survey procedures and
operation. They would go back to their governorates and train the field and lab staff to do
the survey work. This method has the potential to produce the greatest long-term benefit
to the sampling offices. It developstraining skillsat thelocal level and enrichesthe staff with
the knowledge to solve operational problems.

The second method is to bring field enumerators and lab technicians together in groups for
training conducted by a select training staff. The training staff would be made up of DOS
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personnel and perhaps some highly skilled peoplefrom the governorate offices. Thefieldand
lab staffs from a single office, or agroup of offices, would be brought together for training
and return to their offices prepared to begin the survey work. The same training staff would
do al of the training at the various locations. This method allows greater control over the
training process and assures a higher degree of consistency across the governorates. The
study team used this method and found it to be very effective. 1t could be used for one or
two years to develop the expertise to rely more heavily on the local staff for training.

Another pre-survey activity isto be surethat adequate transportation isavailableto complete
the fieldwork within the scheduled time frame.

6.3.5 Data Collection

The time frame established during pre-survey planning for each data collection needsto be
adhered to following clearly documented procedures. Instruction manuals, reporting forms,
and supervision guide the data collection process. Training and supervision assure that the
procedures used in all governorates are consistent.

Data collection isastepwise process that beginswith laying out the field plots and continues
until the sample fields are harvested. Regardless of when the first forecast is needed, the
plots should be laid out before plant stem elongation starts. Plots can be more accurately
established with less damage to plants in the plots and surrounding area at this stage of
growth. Normally stem elongation begins in late January. The plot must be securely
established, including al divisions for future counting and clipping activities. This helpsto
prevent unnecessary damage to plants on return visits

Recording formsto be used on each field visit should be prepared in the office before going
to the field. All of the ID information should be entered on the forms before leaving the
office. A Form A and aForm B will be needed on thefirst visit. Onreturn visits, aForm B,
Form C-1 or C-2, ID Tags and paper bag will be needed depending on the maturity stage of
the plots. Assemble all suppliesto be used into apacket in the office. If thereisuncertainty
about which Form C will be needed, have both available and add the appropriate one to the
form set after reaching the field. Working conditions in the office are better for preparing
theformsthan in thefield. Having the forms prepared beforehand saves valuabletimein the
field. It also reduces the chance of recording errors. Carry the forms into the field and
record counts and measurements directly on theforms. Recording counts and measurement
on material other than the forms and copying it to the forms later increases the chance of
recording errors. A clipboard or clear plastic folder would be a good addition to help
enumerators organize and protect their forms.

All bags containing plant samples to be sent to the laboratory must be securely closed to
prevent headsfrom spilling out. Attach all bags, along with the appropriate 1D tags, together
for sending to the laboratory. Forms are sent to the designated office for processing (see all
of the formsin annex D).

6.3.6 Data Review, Processing and Analysis

61



The first step in data processing is a careful check and review of all forms as they are
received in the office from the field. This process can start as soon as the first forms are
received. Reviewing and editing field reports is very important to maintain consistency.
However, over editing can introduce bias into the survey results. Data reviewers need to
keep severa thingsin mind when reviewing field data. First, the purpose of editing should
awaysbeto get ahigh-qualitydata. Second, forecasting plotsarevery small and small errors
can have big affect on survey results. Third, field enumerators work under difficult
conditions and sometimes makerecording errors. Fourth, reviewershave accessto previous
counts and measurements from the plotsto use asaguide. Additionaly, the review process
should be done in the governorate offices to take advantage of the staff’ s knowledge about
local conditions. Reviewing and editing is a group activity. Reviewers must work closely
withfield enumeratorsto resolve questionableitems. Enumerator’ s noteson theformsoften
explain unusua circumstances that may cause the data to appear out of line.

Editing guides need to be developed and followed when reviewing field data. Documented
guidelineshelp analyststo maintain consistency. Some examples of checksthat can be made
fromvigit to visit are: maturity stage, number of stalks and number of fruit at various stages
of development. Maximum/minimum values for data items can be used to screen for
recording errors. If the data are computerized the data entry program can do much of the
editing, but forms should be carefully reviewed before entry. After all individual reportsare
clean, the data set is summarized to the governorate and national levels, and the review
process continues.

Summarized data also need to be carefully reviewed. Frequency distributions to check for
outlines, ratios to eval uate reasonableness and comparisons with previous months and years
are some ways to check summaries. Data validation cannot be over emphasized. When
averagesor ratios appear to be outside expectations, check for possible causes. For example,
low head weight could be the result of cool temperatures during pollination that caused
excessive sterile spikelets. Serious outbreaks of disease may reduce the number and size of
kernels, thereby, reducing head weight. Governorate staff would be more likely than
headquarters staff to be aware of such conditions. This is one reason data needs to be
summarized and reviewed at the local level.

Dataanalysislooks at various relationships within the summarized data set. This procedure
is best done by computer, but can be done by hand if necessary. Some dependent
relationships are: maturity stage/ number of fruit (early boot, late boot, and emerged heads)
and number of stalks’ number of heads. Analysisalso looks at the conditions that affect the
data set in various ways.

6.3.7 Computing Forecasts

The forecasting models should be executed only after the data are properly reviewed, edited
and analyzed. Review and anadysis should continue even after the forecasts are computed.
The items being forecasted are the components of yield. After the forecasted components
arereviewed, theyield iscomputed. Theform of the forecasting modelsis shown in Chapter
3 and the execution of the modelsisillustrated in Chapter 5.
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6.3.8 Storing and Preserving Survey Data

The dataset from each survey isaval uable component of the historic database and should be
treated with great care. Averages based on at least three years, and preferably five years, of
survey dataare needed for computing the early-season forecasts. After fiveyearsof dataare
available, the historic data should be based on afive-year rolling average. When each survey
isfinished, compute new historic averages by dropping the sixth previous year, and adding
the most recent year.

6.4  Supervision, Quality Control and Evaluation

Quality control is one for the most important aspects of the survey process. A clearly
documented program of quality control must be established and carried out through effective
supervision. The methods and procedures need to be constantly monitored and eval uated.
A good system will rapidly deteriorate from neglect if it is not maintained.

6.4.1 Supervision and Quality Control

Supervisors need to have a full technical understanding of the work as well as skills in
teaching and training. Quality control is necessary to maintain high data standards and
should not be viewed as ssmply a procedure for pointing out errors and mistakes. When
budgets get tight, quality control is often the first activity to be cut back or eliminated. This
should never happen. If the quality and integrity of the survey results can’t be maintained,
the data may become misleading or even worthless.

Supervisors can monitor procedures by accompanying enumerators on their routine field
vists. Thisisespecialy helpful early in the survey cycle and for inexperienced enumerators.
One-on-one observation and training is a good way to assure that proper procedures are
being followed and to correct any errors. Supervisors also ought to follow behind the
enumerator by going to the sample field and completing the same activities as the
enumerator. It is preferable that the supervisor visit is on the same day as the enumerator
visit, but should always be done within two days. Thisis an effective way to check accuracy
of counting, proper determination of maturity stage and the like.

Laboratory procedures and performance need to be monitored in the same manner as the
fieldwork. Supervisors should work alongside lab technicians to determine if proper
procedures are being used and to provide one-on-one training. Supervisors can check
accuracy of the technician’s work by the repeating counts, measurements and weighings
made by the technicians.
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6.4.2 Non-Sampling Error

The quality control procedures described in Section 6.4.1 are necessary to reduce non-
sampling error.  Some human error will aways be present, but it can be minimized by
carefully following procedures and a strict program of supervision and quality control. The
small plots are subject to large non-sampling errors if proper procedures are not followed.
The loss of, or erroneous inclusion of, one head represents about 24 kg per feddan. Seven
heads amount to about one ardab per feddan.

6.4.3 Sampling Error

The source of sampling error is variation among the sampling unitsin the population being
measured, and is commonly expressed as Standard Error or % S.E. Stratification of the
population into homogeneous groups before sampling is the most effective way to reduce
sampling error. Increasing the sample sizeis another way to reduce sampling error, but has
seriousimplications. Cost isamajor consideration because generally afour-fold increasein
sample sizeis required to cut the sampling error in half. Thereisaso adirect relationship
between sample size and non-sampling error. Asthe sample sizeisincreased, non-sampling
error also goes up. Keeping sample size at the minimum alows for closer supervision and
monitoring, making it easier to control non-sampling error.

6.4.4 Evaluating Forecasts

The types of error discussed above can be used to evaluate forecasts, but the real proof is
how the forecasts relate to the final estimate. Evaluating forecasts in relation to the final
estimate must consider several factors. Forecasts, especially very early in the season, are
based to alarge degree on historic databases. \When one or more of the components of yield
is greatly different at harvest than the historic average, fina yield will differ from the
forecasts. Usually the reason for the difference is readily apparent. Factors like cold
temperatures during pollination, a sudden onset of hot weather before whest ripens and
outbreaks of disease or insects may suddenly change the yield potential of a crop and
contribute to the differences.

6.5  Resource Requirements

Adding yield forecasting to the wheat-estimating program will be costly. The scope of the
program should be limited to a size that can be properly funded and maintained. Only
through adequate support can forecasts maintain their integrity asareliableindicatorsof fina
yield.

6.5.1 Staff

The number of staff in DOS and the governorate offices is probably adequate to absorb the
additional work, but training and restructuring of assignments will be needed to prepare the
staff for crop forecasting. Training in both basic statistical methodology and survey
operation needs to be emphasized. Training plans are outlined in Section 6.6.



Organizing the staff aong functional lines will make it easier to build skills and develop
expertise through training and experience. Groups of highly trained people doing severa
different functions simultaneousdly will make it easier to meet the tight times schedules of
forecasting. This type of organization also provides for individuals to more fully utilize
gpecial skillsand interests. A brief outline for reassigning responsibilities and restructuring
the staff isin Section 6.2.2.

The program aready under way in MALR to base salary incentives on the difficulty of job
assignments and on performance should be continued. This approach alows highly
motivated staff with special skills and interest an opportunity to excel, and will result in
increased productivity.

6.5.2 Infrastructure Support

Adeguate transportation is one of the most difficult needs to fill in the governorate offices.
The demand is seasonal, and it is not feasible to cover the requirements for peak periods of
use. However, arrangements must be made for enumerators to complete all assigned work
during the survey period. Hiring cars during times of peak workload is a common practice
in some offices, but can be a strain on aready tight budgets. If engineers own a vehicle,
reimbursing them for its use is a practical way to provide transportation. Maintenance of
MALR-owned vehiclesisusually low onthelist of priorities; consequently, many arein poor
condition. Providing motorcycles to engineers and allowing them to be purchased over a
long period of time could help solve both the problem of availability and maintenance.

Laboratory and office equipment needs to be upgraded. The equipment in the two
laboratoriesisbarely adequate to meet minimum needs. The electronic balances carried over
from the mid-80’ s project need to be checked for accuracy and repaired or replaced if need
to be. MALR is planning to get moisture meters for the labs. This will speed up the
processing of samples. Laboratory threshers would greatly increase the labs capacity to
process the final harvest samples. Threshers are a major investment but will last for many
years.

Office equipment such as calculators and adding machines are needed to improve accuracy
and workflow. Even with adequate hand-operated equipment, it would be impracticable to
process the forecast survey data by hand. At least some of the governorate offices need to
be equipped with computers.

The ideal situation would be to place computers in al offices, but if that can’t be done,
regional processing centers should be set up. One office could process the data for one or
more other offices. Forms could either be sent to their home office for review and editing
and then to the processing center, or sent directly to the processing center. Either method
would require close cooperation between the offices to keep the work moving and to assure
that adequate review and analysisis done.
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6.5.3 Supplies

Minimum standards should be established for field supplies. Thiswould serve asaguidefor
local officesto be surethat theitemsthey procured are adequate. Itemsto completethefield
and office work must be available when needed. Reporting forms are a basic requirement
and must be available on time and in sufficient quantitiesto complete thefield and |aboratory
work.

6.6  SkillsTraining

Thisthree-part program is designed to provide training for staff in statistical organizations,
with emphasis on MALR, and to introduce data users to statistics as a valuable tool for
planning and decision-making. The statisticscomponent includesfour coursesand will equip
staff in statistics offices to design surveys,; select samples; train data collectors; collect,
process and anayze data; make estimates and submit them to higher levels. Course 4 isfor
mangers and decision makers. The objective yield component has four coursesin advanced
training in applied objective yield survey design and operation. The agronomic component
istraining in wheat plant characteristics and growth habits. The later two components are
primarily for survey field enumerators and laboratory staff. The applied statistics coursesin
the first component would be useful to anyone involved in statistics work, including district
and village level officers.

The advanced training in objective yield survey design and operation is for agricultura
engineers with responsibility for whesat yield surveys. Although the design concepts of all
objective surveys bear some similarity, the operational procedures are crop-specific. The
statistics courses cover the design concepts and operational methodology of various types
of surveysin ageneral way. These courses focus specifically on wheat surveys.

The agronomic training is designed to give field staff a better understanding of basic plant
physiology, growth habits developmental stages and factors affecting productivity. All
agricultural engineers involved in survey field and laboratory work should complete this
training.

6.6.1 Statistics Component

The four statistics courses are designed to provide general training in applied agricultural
statistics. Although each courseisaunit, they should betaken in sequence. All existing staff
in MALR with responsibility for statistical program support should complete statistics
courses 1, 2 and 3. Course 4 isfor managers and policy makers. New employees should be
enrolled in the courses as soon as feasible after coming on board.

Instructions include classroom lectures, discussions, exercises and field trips for
demonstrations and observations. Courses 1 and 3 can each be completed in 25 hours;
course 2 requires 50 hours; and course 4 isdesigned for 10 hours. Table G1-G5 show details
of the subject matter covered in each course.
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Course 1, Introduction to Statistics - Reviews the current system for collecting and
disseminating statistics with emphasis on agricultural statistics. Review different kinds of
surveys and their requirements and uses. Looks at the changing needs for statistics and the
role of governments in meeting the need.

Course 2, Sampling and Methods of Statistics- Coversthe principles and methods of survey
design, sampling; data collection, processing, analysis, review and dissemination; and data
quality.

Course 3, Operation of Statistical Systems - Applies the principles and methods of course
two to design and develop operational plans for a demonstration survey.

Course 4, Data Needs, Uses and Standards - Reviews statistical systems, coordination and
standards; statistics as a decision making tool; and, the impact of accurate or (inaccurate)
statistics on government and private sector decision-making.

6.6.2 Objective Yield Survey Procedures Component

The objective yield survey procedures component includes four courses. Courses 1, 2 and
3 target specific groups of the staffs working with objective yield surveys. Course 4 is
advanced training for staff responsible for analyzing survey data and making forecasts and
estimates based on the data. There is some overlap of subject matter between this
component and the statistics courses outlined above. The statistics courses treat the subject
matter in a general way, and this component focuses narrowly on objective yield survey
applications. These courses do not eliminate the need for annual objective yield survey
training, but could reduce the length and intensity of the annual survey training. See Tables
G1-G5 for details of the subject matter covered by these courses.

Course 1 and course 4 require 8 hours each for completion. Courses 2 and 3 can each be
completed in 16 hours.

Course 1, for Enumerators - This courseis for al field enumerators and supervisors. It is
also recommended for engineers responsible for the survey laboratory activities and data
analysts.

Course 2, for Field Supervisors - Requisite, Course 1. Covers supervisor responsibilities,
controlling non-sampling error, and report writing. Reviews agriculture policy that needs
reliable and timely statistics for informed decision-making.

Course 3, for Laboratory Staff and Field Supervisors - In addition to laboratory procedures
and equipment, this course covers the importance of accuracy and specia counts and
measurements for yield forecasting research.

Course 4, for Data Analysts - Requisite, Course 1, 2 or 3 (preferably al three), reviews
different sampling methods and covers the principle stepsin the methods used for selecting
samples for forecasting surveys. Covers datareview and analysis, the different estimators
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(indications) that can be computed from the survey data, sources of sampling and non-
sampling error, and making forecasts and estimates from survey data.

6.6.3 Agronomic Component

The purpose of thiskind of training isto instruct field enumeratorsand laboratory technicians
about plant characteristics and growth habits. Much of the training needed in this area can
be accomplished through participation in regularly scheduled field days at agricultural
research stations. Research stations conduct field days several times each year to showcase
the results of their research and plant breeding programs. Through these sessions, the new
technology is transferred to the production level through the agricultural extension agents.
Information on new varieties, cultural methods, enhancements and constraints to
productivity, and other changes is disseminated at these field days. By taking part in this
program, MALR agricultural engineerscanincreasetheir knowledgeof plant cultureand stay
abreast of changes in varieties being grown and agricultural practices. Additional crop-
specific training on growth habits and plant devel opment stages can be arranged through the
research stations to complement the survey procedures training for objective surveys.

Whest researchers from the agricultural research stations were a valuable asset for training
field peoplefor the study. They should be made aregular part of the annual survey-training
program.

The intensity of this kind of training can be reduced as the staffs become knowledgeable
about plant characteristics and growth habits, but will never disappear completely. New
employees need the training and al agricultural engineers responsible for survey field and
laboratory work need periodic refresher courses.
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7. MAIN FINDINGS AND RECOMMENDATIONS

This study focused on wheat yield forecasting. The main objectives were to: 1) Assessthe
quality of wheat yield forecasts being made in the MALR, and 2) Recommend the
appropriate method of wheat yield forecasting to be adopted by the MALR. The basis for
assessing the existing system was interviews with governorate sampling office staff, farmers,
extension agents and others, and the review of previous study documents. The
recommendation of the methodology to be adopted isbased mainly on theresults of thefield
tests conducted in this study. Previouswork and research studies on forecasting were also
considered.

The structure and operation of the study was unique in several ways. Cost and oversight
were shared between MALR and MVE, and agricultural experiment station researchers
provided technical guidance.

MALR gave strong support at all level of its organization, and underwrote the operational
costsincluding training, transportation and salary incentives. The Director of Sampling, the
Undersecretary of the CAAE, and the First Undersecretary of EAS were prominent in their
endorsement and support during the study. The DOS provided strong coordination and
oversight. The governorate sampling offices are commended for their dedication to making
the study asuccess. They worked ontheir scheduled days off many timesduring the monthly
field visits, and sometimes spent 10 hours or more aday in the field.

The cooperation between MALR and the wheat researchers at the agricultural experiment
stations was one of the most unique and beneficial aspects of the study. Agronomists and
plant breeders participated in the training and fieldwork each month. They shared valuable
insights about plant characteristics and factors affecting production.

The MVE Unit provided the study team and did the data processing and analysis.
7.1  Main Findings - Existing System

Although past attempts at yield forecasting were short lived, the time seems right to begin
such a program on a national scale.

7.1.1 Sampling Procedures

Two methods are used to determine wheat cultivated area. Extension agents do acomplete
enumeration of wheat fields. The second method uses a 50% sample of area clusters. The
optimum sample size for crop-cutting is computed from the previous year survey results.
The total sample sizeisunnecessarily large due to the large number of stratain the sampling
frame and included 5124 fields in year 2000. The survey results returned a Standard Error
of about 0.5% at the national level
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7.1.2 Data Collection, Processing and Review

Datacollection for areaand crop-cutting surveysisalengthy and labor-intensive processand
produces large volumes of datato be handled. Processing is done by hand and review and
checking procedures are inconsistent. Frequent and sometimes large changes are made in
the estimates asthey moveto higher levels. Asthereview movesfurther away from the data
source, changes likely reduce accuracy. Changes usually raise the estimates. This may be
partially due to an upward bias from rewards offered for achieving high yields or meeting
target levels.

7.1.3 Quality and Timeliness of Estimates

Area estimates at the village level are thought to be accurate. The single annual yield
estimate, based on crop cutting surveys, is made in the governorates at the district level and
forwarded to EAS. The large sample size should support accuracy, but field procedures
observed during the study indicate that crop cutting survey data could include large non-
sampling errors. Estimates are available too late to be of maximum benefit to data users.
The areaestimate usually ispublishedin May and theyield estimateisavail able severa weeks
after harvest is finished.

7.1.4 Data Needs

Privatization of the Agricultural Sector, and moves toward a market driven economy, are
creating needs for statistics that the current system cannot supply. Farmers, managers and
policy makers need reliable and timely statistics on wheat production to participate more
competitively in domestic and world markets.

7.1.5 Training

MALR staff isgenerally under trained and are doing work at al levelsfor which they are not
trained. Many engineers with long service records have had little or no training in applied
sampling and survey methodology. As new engineers come on board, their only training is
“onthejob”. Thisisasound concept but it is not effective because of the low skills and
knowledge level of existing employees, and perpetuates any erroneous practices and
procedures. The MALR needs to develop an in-service training program for agricultural
engineers at the governorate level.

7.1.6 Equipment, Supplies and Support

Transportation, field equipment, office equipment and availability of office supplies need to
be upgraded. A shortage of adequate transportation delays the completion of fieldwork.
Much of the survey equipment is old, in poor condition and heavy to carry to the field,
especialy if the enumerator is traveling by motorcycle. Office equipment is almost
nonexistent in most offices. Items such as calculators and adding machines could grestly
improve accuracy and work flow.

7.2  Main Findings- Proposed System
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. Work in the mid-1980s, and research at the AERI since that time, indicated that the
objective yield crop forecasting method is appropriate for Egypt. The results of this
study show that yields can be accurately forecasted from small plot dataearly in the
season.

. There is no program for forecasting wheat yield before harvest. All wheat
forecasting activities ended in 1998.

. Eventhough this study was not suppose to produce reliable forecasts of yield, but the
results obtained by this study for yield forecasting was statistically accepted and as
reliable as the crop-cutting experiments results

. Governorate sampling office staff demonstrated the willingness to learn the new
method and the abilitiesto carry out the survey procedures when properly equipped
and trained.

. Researchers from the agricultural experiment stations provided valuable training in

the characteristics and growth habits of wheat and factors that affect productivity.
Their assistance prepared field enumerators to better understand and interpret
condition they saw in thefield. The researchers also provided helpful insights into
factors that need to be researched in the future as possible indicators of potential
yield.

Resultsshow that forecasts can be made as early asthe end of January to reliably project final
yield. However, forecasts become more reliable as the crop advances toward maturity.

7.2.1 Yield Forecasting Technique

Reiable early season forecasts for wheat yield would fill a large void in the available
statistics.

. EAS has shown arenewed interest in pre-harvest forecasting as a way to improve
statisticon whesat and this study was made possible through its support.

. Strong organization, proper equipment and supplies, intensive training, and close
supervision and quality control are necessary to assure high quality survey results.

7.3 Recommendations

The recommendations are listed in priority order from highest to lowest. Although one of
the main objectives of the study was to recommend anew method for forecasting yield, that
recommendation is listed second to the recommendation for training. There are severa
reasonsfor thisarrangement of therecommendations. First, forecasting requiresahighlevel
of technical expertise, which is not now present in the MALR. Second, governorate staff
recognizestheir need for training. Third, awillingnessto invest in educating the staff would
demonstrate acommitment to the program by top management. Fourth, awell-trained staff
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will boost the confidence that data users place in the forecasts. In practice, the first three
recommendations are all critical to a successful forecasting program.

7.3.1 Initiate a Comprehensive Training Program

One of the most persistent comments heard from staff in the governorate sampling offices
concerned the lack of, and need for, training. The proposed training program in Chapter 6
isdesigned for personnel in all statistical organization, but focuses on the needs of MALR.
It includes general training in applied agricultural statistics and specific courses on objective
survey operational procedures for selected groups of employees based on their area of
responsibility. One courseisto help managersand policy makers better understand the need
for, and uses of, statistics.

7.3.2 Adopt Objective Methods For Pre-Harvest Forecasting of Wheat Yield

Objective methods are used successfully in other countries to forecast crop yields before
harvest. The methodology and procedures are valid for Egypt and should be adopted all
over the country as the main indicator of pre-harvest yield levelsfor wheat. The forecasts
do not replace final estimates from crop cutting surveys, but enhance their usefulness.

7.3.3 Structure MALR For Crop Forecasting

The restructured governorate offices would assume some functions now done by the DOS.
Restructuring places new responsibilities on both the DOS and the governorate offices. The
DOSrolebecomes one of coordinating and managing the nationwide system asit shiftsaway
from the details of doing the work.

New responsi bilities added to the governorate office include functionslike sample selection,
data review and processing and setting and submitting estimates. Under this kind of
organization, staff can develop expertise in specific functions and be more effectivein doing
their jobs.

. Organize and train staff for specific functions. Many functions must be going on
simultaneously to meet the tight time schedule from pre-survey planning to release
of the forecasts. Offices need to be organized to handle the workflow, and staff
trained in specific operational procedures. The DOS staff would have responsibility
for, and be equipped, for training the governorate personnel.

. Establish survey schedules and release dates. Demands from data users should
drive the program. Set dates for public release of forecasts and devel op the survey
schedule to support those dates.

. Select samples at the governorate level. Each governorate is a domain in the
sampling process. Governorate staff should be trained to compute optimum sample
sizesand select the samplesto derive maximum benefit from their knowledge of local
conditions.
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Equip governorate offices with computers. Large amounts of data must be
processed in short periods to support objective forecasting. Execution of the
forecasting models requires relating current survey datato large historic databases.
It would be impracticable, if not impossible, to make these calculations by hand in a
timely manner. Setting up regional data processing centers is an alternative to
placing computersin all offices. However, the best possible situation would be for
each governorate to do its own data processing, and this should be the long-term
goal.

Enter, review and analyze survey data, and make estimatesin the gover nor ate
offices. The restructured governorate offices will be capable of completing all
functions from sample selection to making estimates when properly trained and
equipped. Thelocal staff isin the best position to know about conditions affecting
the survey results that need to be considered in the data review and analysis.

Publish area estimates earlier to enhance the value of early season yield forecasts.
Both area under whesat and the yield are needed to determine total production.

Update existing instruction manuals and prepare new ones where needed.
Operational consistency across survey sites is very important for crop forecasting.
The small sample sizesand small plot sizes are subject to high levels of non-sampling
error if procedures are not strictly followed.

Supervision and quality control. A strong quality assurance program is necessary
to assure that proper procedures are being followed. Theregional field supervisors
used in the study filled a vital role of coordinating the field and lab work and doing
quality assurance. This concept should be adopted nationwide for any operational
objective surveys. One field supervisor could adequately oversee the field and lab
work in two or three governorates. The result would be a better-trained staff,
improved workflow, greater accuracy, and ultimately, better data quality.

Refine the program for salary incentives. The MALR has begun a program to
base salary incentives on difficulty of engineers job assignments and level of
performance. This program needs to be refined and expanded.

Investigate an Appropriate Sampling Plan For Crop Forecasting

The past practice of selecting forecasting samples as a sub-set of the crop-cutting sampleis
not adequate. The multistage sampling procedure now being used for crop cutting requires
that sample units be alocated to every stratum in the sampling frame. This procedure results
in a larger sample than is needed to achieve reliable survey results because of the large
number of strata in the existing sampling frame.

7.3.5 Expand and Strengthen Cooperation with Other Gover nment Or ganizations

The study derived valuable benefits from cooperating with the agricultural research stations
ontraining. The loca agricultural extension agents have the best knowledge about local
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conditions and could help field enumerators locate farmers and fields. The cadastral maps
in the agricultural cooperatives could also be used to locate farmers and be of assistancein
subdividing selected PSUs and parcels.

7.3.6 Research and Development in Applied Agricultural Statistics

Involve AERI in applied research to refine and develop statistical models and operational
procedures. AERI staff should be regular participantsin survey training programsand could
teach the statistics courses proposed in Chapter 6.

7.3.7 Discontinuelncentivesfor Achieving Higher Yieldsor Predetermined Targets

This is a disincentive for accuracy and integrity of estimates and tends to encourage an
upward bias.

7.4  Topicsfor Future Study and Research

Objective yield surveys are a good vehicle for gathering information for research purposes
or to address a specific issue at very little added cost. The sample size is small, but
statistically valid, and the turnaround time is short. However, care must be taken not to
overload the questionnaire to the extent that the survey results are affected. Some specific
recommendations follow.

7.4.1 Conduct a Study on the Modeling Response to Long Spike Wheat Varieties
Long-spike varieties are unique for their large number of spikelets, number of grains per
head, and high weight per grain among the three genotypes of wheat grown in Egypt. The
characteristics of bread wheat and durum varieties are similar and respond in the same way
to the forecasting models. However, nothing is known about the response of long-spike
varieties, and it needs to be studied.

7.4.2 Calculate the Cost/Benefit Ratio of Crop Forecasting

Forecasting surveys are an added cost to statistics programs. Although adequate benefit to
justify their use is assumed, research could compare to cost to the resultant benefits.

7.4.3 Investigate Alternative Modeling Variables
Severa plant characteristics e.g. thought to be correlated with one or more of the

components of yield were measured during the monthly field visits. These factors need to
be studied to determine if any are stable indicators of the components of yield.
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ANNEX A: WHEAT YIELD FORECASTING TECHNIQUE-THE STATISTICAL
BACKGROUND



Wheat Yieid Forecasting Technique - The Statistical Background
A. Introduction

Wheat Yield Factors were estimated in five phonological stages namely; pre-flag,
carly boot or flag or late boot, milk, staff dough, hard and ripe dough stages.

Data were collected on no. of tillers (stalks), flag leaf length and width in addition 10
no. of ullers (staiks) in flag stage, spike no. in addition to spike weight and s
components L.e. kernel no. and kernel weight. Other important characters may be
taken into consideration as stem diameter, spike length, spike diameter and plant
height in the late booting stage.

These characters are used to butld up several models relative to phonological growth
stage and/or time. Accuracy and precision of models used is expected to be affected
by the time of data collection. Earlier models are less efficient than the late ones.
However, earlier models would seem to be more valuable. '

In the three early growth stages, data being insufficient oblige the statistician to use
historical data for spike yield. Productivity is a function of available yield factors and
total production in turn is a function of area and productivity. Modeling s performed
in three directones: 1) Within each phonological stage 2) Late booting 3) Over
phonological stages.

Data were collected from both count and clip area each 60x60 cm2 to represant ARE
wheat area in order to predict total yield production as early as possibie. Several
governorates were selected to represent varying agro-climatic zones, cultivars, species
i.e. T. vulgare and T. durum in addition to agncultural practices, soil types.
Experimental fields were randomly chosen and surrounded by flagging ribbons.

Statistical procedure;

Statistical procedure adopted is regression analysis, according to Snedicor and
Cachran (1980). The dependent variable (Y) is the total production, yield factors are
the independent variables (X'*) according to the following model for simple
regression.

f}= a+ b
b = Simple regression coefficient i.e the amount of change in ¥ when X
increases by just one unit ignoring other factors.

For multiple regression it will be:
;’= a+ Z Bux,

Where ¥ = Total production
B= Partial simple regression coefficient



1.e. the amount of change in Y due to X, fixing other factors.

a=Y Intercept = the value of (Y) when (X) equals (@)

k = no. of factors whether .05 or .01 level of significance is taken into
consideration in addition to X" ranges, cither simple or muitiple coefficients
of determination i.e. r* and R? explain the total contribution of vield factors.
Within stage simple models evaluation is the firse step 10 be made. Late
booting stage mode! need to apply simple, partial and multipie linear
regression and correlation. However, modeling overall stages will be made
using stepwise multiple linear regression according to Drape and Smith (1954)
to screen variabies to the minimum in addition to avoiding multicolenearity
expected between alternative factors e.g no. of tillers in pre-flag and flag
stages, no. of tillers and no. of spikes, spike no. in milky and dough stage.

Applicability of models in future:

Final analyzed results can not be adopted if one or more of these considerations are
ignored.

1- X" ranges.
2- B,/x or by/x significance.
Y o2 e o
3- r"or R i.e coefficients of determination,
4- SE t.e. standard error of estimate.

Coefficients of determination measure accuracy i.e. how far our estimate is from the
actual value i.e. unity. Standard error of estimates measures the closeness of expected
values to observed values i.e. the efficiency of prediction. However, stili the models
can not be applied in future being misleading.

To avoid misleading and/or to increase both accuracy and precision of model over
varying conditions, the criteria must take several steps further via taking macro soil
and climate environmental factors. Fortunately, the most important soil factors are
water table and salinity and the most important climatic factors are the growing
degree-day (temperature) GDD which equals:

GDD = [ (Tmax + Tmin)/ 2] - Th

Where Tmax and Tmin are the maximum and minimum temperature.

Tb - minimum temperature at which leaf growth cease. [t equals about 7°.
[n this regard, GDD affects leaf growth, the amount of GDD needed to produce one
leaf is known as phillochron, that equais 100°, its magnitude is inversely affected by-
photo period.

Generally, the model is affected by cultivator, agriculture zone, the time of data
collection and/or phonological stage.

Theoretically, modeling may be given in figure (1&2). However, data may be
collected on other characters. This will be mentioned later e¢.g. spike length (LS,



spike diameter (SPD), stem diameter (STD), width of flag leaf (FLW), survival ratio
percentage (SR%) in addition to available agricultural practices.

Spike length (SL) may be reflected on kemel number (K no.), spike diameter (SPD) is
expected to be correlated with kemel weight, flag leaf width (FLW) refers to spike
weight, stem diameter (STD) or stem thickens refers to lodging tolerance provided
that these characters are early predictors.

Master files for each visit are prepared using excel. These master files will be used to
produce sub files to be analyzed using suitable statistical package. Excel files will be
transferred to ASCIl files before transforming to adopted statistical programs.
Analysis will be made using multiple linear regression. Alternative characters
expected to be multicolinear with each other are given later in addition to agricultural
practices. Other data and in tum expected model are also given in an attempt to
obtam_ accurately precise models. Earlier models with relatively few simple
predictors are preferred.
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Data Collected;

Code stage (2,3)

Seed Source

Planting date

Variety

Drainage

Planting method

Previous Crop

Stalk Ne.

Late boot

Emerged head

Plant beight

Stem diameter

Flag leaf length

Flag leaf width

Herbs

Diseases

Insects

Fertilizer

Pesticides

No. of emerged head
Emerged head sample weight
Average weight / head
Average fertile spikelet / spike
Average rest of emerged head
Spike length

Spike diameter

Stem diameter

WT of late boot



B- Mathematical formula to execute model:

1. Simple linear regression and correlation according to the following equation:
Y =a+bx

Where: Y = dependent variable X = Independent variable

a =y intercept i.e. the value of y when X = @

b = Simple linear regression X - vy

L.e. the amount of change in Y when X increase by just one unit
(Ignoring other factor)

Model evaluation;
Accuracy viar’ and SE%
Where: r° = multiple coefficient of determination i.e. r*% - percentage
contributed of Y vanability.

Precision: SE% measures the closeness of measurements.

r = correlation coefficient = cov. Xy /var. X var.y
P 2 T2
where varX = D (X - X)2/(n-1) var.y= 2 (y- »)%/(n-1)

SE= ). (- )/ (n-1)
SE% = 100*SE/ y

Where jz= arithmetic mean of y

y is estimated using the following formula:

A

y =a+bx*
C. Data needed (included in table 1),
D. Plan to test the model:
l. Accuracy via r* = unity.
2. Precision via SE% = minimum.

3. Significant estimates:

t{b) =bisb t{r) = r/sr

-5 s,
S T
n-2 th



Sr= T

Expectation is included in (table 1). Slmple model also included in table 1 using just
one independent variable, this is the minimum number of variables. However, when
trying to evaluate the models including many characters or variables i.e. using
independent variable X's over phonological or growth stage, stepwise multiple linear
regression may be used. This point will be explained in detail later.

Standard errors (SE’s):

var. y }evar.y/x
+

2
SE'a n (n-Dvar.x
= SZ ';H‘ :C 2SZb
2 -7 s
Sou= (C—5 )—

Where var. y = S y = independent variable var.

x= Arithmetic mean of independent variable.

Var, y/x = var. y x (n-1) (1-r*) / (n-2)
= About regression variance

(F) for both simple regression coefficient and regression coefficient.

_rn-2)
- 2
l-r
ANOVA
V.S - DF: 5§ | MS F
Regression 1 r'ssy r’ssy |
; —
About regression n-2 ssy-r'ssy ssy(1- rz) i (n-20)p
n-2 L G-
T
i Total n-1 ssy Var.y |




Tabie (1): Field or Lab Variable to be used for Forecasting Final Yield

Components in Sample Fields

Maturity Category

No. of Heads (Y,)

Weight of Heads (Y.)

Independent Variable (X,)

Independent Variable (X,)

Pre-flag

No. of stalks

|l Flag or early boot

No. of stalks

|
(FLW)
Flag leaf width

[ ate boot or flower

Emerged heads +
heads in late boot

Fertile spikelets j

Heads

Milk Emerged heads + Grains/heads ‘

heads in late boot Stem diameter ‘_
Spike diameter

Soft dough Emerged heads + Grain/head i
heads in late boot J‘

Hard dough Emerged heads + Threshed weight per head ‘
detached heads and adjusted to standard moisture
heads in late boot ;

Yi=a +brx

Y:=ar+byxy

Table {1) Cont:

Maturity Category

Kernel (grain) No. (Y,)

Kernel Weight (Y,)

Independent Variable

[ndependent Variable

1- Pre-flag

-

2- Flag or early boot

Spike length

Spike diameter
Stem diameter

3- Late boot or flower

Fertile spikelets/heads




ANNEX B: WHEAT TIME SERIES DATA



Table B-1: Wheat total area, average yield and production in the old land

(1981-1999) .

Y ear Total Area Average Yied Production
(1000 hectare) (t/ha) (million tons)
1981 583 3.3 1.9
1982 572 35 2.0
1983 553 3.6 2.0
1984 491 3.7 1.8
1985 494 3.8 1.9
1986 305 3.8 1.9
1987 572 4.6 2.8
1988 592 4.8 2.8
1989 639 4.9 3.2
1990 745 55 4.0
1991 816 5.1 4.2
1992 745 5.7 4.3
1993 756 5.9 4.4
1994 723 5.8 4.2
1995 875 5.9 5.1
1996 828 6.1 5.1
1997 869 6.0 5.2
1998 849 6.4 54
1999 833 6.8 5.6

Source: Agricultural Statistics, Economic Affairs Sector, Ministry of Agriculture and Land Reclamation,

MOALR, Egypt.

Table B-2: Wheat total area, average yield and production in the New Land (1990-1999)

Y ear Total Area (1000 Average Yied Production (1000 tons)
Hectare) (t/ha)
1990 42 2.6 112
1991 63 3.8 219
1992 72 4.0 273
1993 73 4.3 302
1994 89 3.8 373
1995 100 4.5 441
1996 145 4.7 650
1997 147 4.1 608
1998 155 4.2 653
1999 131 53 694

Source: Agricultural Statistics, Economic Affairs Sector, Ministry of Agriculture and Land Reclamation,

MOALR, Egypt.




Table B-3: Sample Size and Area Planted for the Sample Governorates, in Wheat Yield

Forecasting Survey, Year 2000

Governorate District Variety | *Area | Number of | Number | Number of Plots
Feddan | Clusters | of Fields | (60cm X 60cm)
(PSUg)**
Delengat $69,,61,,8 | 26,707 2 4 8
Beheira Damanhour S69 26,210 2 4 8
Gv. Total 235,697 4 8 16
Sugar Beet S8 45,223 1 2 4
Noubaria Busttan S69 22,185 1 2 4
Total 67,408 2 4 8
Zefta $69,,61 16,575 2 4 8
Gharbia Tanta $69,,61 20,953 2 4 8
Gv. Total 135,102 4 8 16
Sidi Salem $61,,69,8 | 23,158 2 4 8
Kafr El- Kafr EL- $61,,69,,8 | 29,372 2 4 8
Sheikh Sheikh
Gv. Total 185,703 4 8 16
Dyarb Nigm S69 16,887 2 4 8
Sharkia Zagazig S69 29,801 2 4 8
Gv. Total 307,000 4 8 16
Etssa S69 43,187 2 4 8
Fayoum Fayoum S69 27,753 2 4 8
Gv. Total 148,899 4 8 16
Assuit S$69,G164 | 18,145 3 6 12
Assui ,Durum
ssuit Dyrout $69,G164 | 18,205 3 6 12
Gv. Total 135,407 6 12 24
Sample 28 56 112
Total Didtricts
Governorates

Source: Wheat yield forecasting study, MVE, year 2000 Egypt.

* Preliminary wheat crop area.

* Feddan = 4200 n’
** Primary sampling unit (PSU) = cluster about 200 Feddan cultivated area.

S= Sakha

G=Giza




Table B-4: Yield Estimation by Crop Cutting in Egypt, 2000

Area under Wheat Crop and Sample Distribution

Governorate | Selected Districts Area #Districts | # Strata | # Selected | # Plot
Clusters
Governorate 222,322 68
. Damanhour 26,210 8
Beheira Delengat 26.707 15 5 235 470
Sub Total 2 Dist. 52,917 13
Governorate 135,102 27
. Tanta 20,953 3
Gharbia Zeita 16575 8 5 180 360
Sub Total 2 Dist. 37,528 5
Governorate 182,265 49
Kafr El Kafr El Shelkh 29,372 6
Sheikh Sidi Salem 23158 0 4 200 400
Sub Total 2 Dist. 52,530 10
Governorate 236,203 49
: Zagazig 29,801 5
Sharkia Diar b Negm 16.887 15 3 210 420
Sub Total 2 Dist. 46,688 8
Governorate 148,899 17
Fayoum 27,753 5
Fayoum Etsa 43187 5 5 151 302
Sub Total 2 Dist. 70,940 10
Governorate 133,665 34
. Assuit 18,145 2
Assuit Dayrout 18.205 11 9 175 350
Sub Total 2 Dist. 36,350 11
Governorate 157,488
New Lands & | Al Bostan 22,185 15 30
Nubaria Bangar El Sokar 45,223
Sub Total 2 Dist. 67,408
Total Selected Governorate 1,283,352
Total Egypt 2,500,604 5124




ANNEX C: WHEAT YIELD FORECASTING SURVEY 2000-DATA
COLLECTION AND PROCESSING



Wheat Yield Forecasting Survey 2000
Data Collection and Processing

First Visit
(January 22-February 7)

About 50% of the samples were in maturity stage one (preflag) and 50% were in stage two (flag
or early boot) at the time of thefirst field visit. Late boot heads appeared in 19 samples and
emerged heads were found in 15 samples. Table 5-4 summarizes the important variables collected
on thefirst field visit. A brief summary of table 5-4 datais shown below.

Average number of stalks per plot (60cm x 60 cm) 161
Standard error percentage 3.0%

Confidence limits + 9.8 stalks

Minimum 66 stalks and maximum 319

The late boot heads appeared only in 19 plots

Average number of late boot heads per plot 26.3
Standard error percentage 15.6%

Confidence limits + 8.6

Minimum 7 and maximum 71.

Emerged heads appeared only in 15 plots

Average number of emerged heads per plot was about 28.7
Standard error percentage 23.9%

Confidence limits + 14.7

Minimum count 2 and maximum 76.

No lab measurements for the first visit were taken. Therefore we could say that, number of stalks
counts per plot was the important factor collected in the first visit to forecast number of fina
heads, otherwise were minor factors.



Table C-1: Countsof Major Items as collected from Wheat Yield Forecasting First Visit

Code Stage Stalks Number L ate Boot Emerged Head
Mean 1.51327 161.195 26.2632 28.7333
Standard Error 0.04723 4.91165 4.08953 6.8754
Median 2 152 24 22
Mode 2 126 19 2
Standard Deviation 0.50205 52.2116 17.8258 26.6283
Sample Variance 0.25205 2726.05 317.76 709.067
Kurtosis -2.0334 0.34701 1.7543 -1.0209
Skewness -0.0538 0.66787 1.48795 0.68784
Range 1 253 64 74
Minimum 1 66 7 2
Maximum 2 319 71 76
Sum 171 18215 499 431
Count 113 113 19 15
Confidence 0.09358 9.73181 8.59178 14.7463
Level(95.0%)

Source: Calculated from the Wheat Yield Forecasting Data Survey




Second Visit (February 22- March 01). Table 5-5 summarizes the second visit counts and lab
determinations. The main results are as follows:

| Field Observations

Maturity stage: 2 (flag or early boot) about 44%, and 3 (late boot or flower) about
56%.

Average number of stalks per plot 147.7 (from 113 plots)
Standard error 4.1 (2.78%)

Confidence limits + 8.12 stalks

Minimum stalks number per plot 68

Maximum stalks number per plot 256

Average number of late boot heads per plot 40.75 (from 84 plots)
Standard error 4.53 (11.1%)

Confidence limits + 9.01

Minimum number of late boot heads 1

Maximum number of late boot heads 149

Average number of emerged heads per plot 43.18 (from 60 plots)
Standard error 6.86 (15.89%)

Confidence limits + 13.72

Minimum number 1

Maximum number 222

Average plant height 81.45 cm (from 108 plots)
Standard error 1.38 (1.69%)

Confidence limits + 2.75 cm

Minimum height 30 cm

Maximum height 110 cm

Average length of flag leaf 26.88 cm
Standard error 0.46 (1.71%)
Confidence limits + 0.92 cm
Minimum length 12 cm

Maximum length 38 cm

Flag leaf width 2.11 cm
Standard error 0.03 (1.42%)
Confidence limits + 0.05 cm
Minimum width 1.5 cm
Maximum width 3.10 cm



[l Lab Determinations

Average weight per green head 1.97gm.
Standard error 0.09 (4.57%)
Confidence limits + 0.18 gm.

Minimum weight 0.82 gm.

Maximum weight 3.50 gm.

Average fertile spikelets per spike 18.11
Standard error 0.55 (3.04%)
Confidence limits + 1.11

Minimum number 3

Maximum number 24.6

Average weight per late boot head 2.69 gm (enclosed head + flag leaf)
Standard error 0.14 (5.2%)

Confidence limits + 0.28 gm.

Minimum weight 0.81 gm.

Maximum weight 4.90 gm.

Average of spike length 6.63 cm
Standard error 0.63 (9.5%)
Confidence limits + 1.27 cm
Minimum number 1 cm
Maximum number 13.1 cm

Average of spike diameter 3.29 cm
Standard error 0.09 (2.74%)
Confidence limits + .18 cm
Minimum number 2.60 cm
Maximum number 4.2 cm

Average of stem diameter 0.22 cm
Standard error 0.01 (4.55%)
Confidence limits + 0.01 cm
Minimum number 0.15 cm
Maximum number 0.30 cm

From this visit the number of stalks per plot continued to be a very important variable to
forecast number of final spikes. In addition, lab determinations could be used to forecast fina
weight per head. These variables such as average weight of green head, and number of fertile
spikelets per spike may be used to forecast number of grains per head. Also we have to test
other variables measured in this domain.



Table C-2: Summary of Data Collection Countsand Lab Measurements of Wheat Yield Forecasting Asin the Second Visit

Stalks | Late |Emerged| Plant Flag Flag [Average| Average |Average| Spike Stem Average
Number | Boot Head |Height| Leaf Leaf | green | Fertile | Spike |Diameter | Diagonal |Weight of
(cm) | Length | Width |Weight/| Spikelet | Length (cm) (cm) late Boot
(cm) (cm) | Head |[Per Spike| (cm) (gm)
(gm)

Mean 147.72 40.75 43.18 8145  26.88 211 1.97 18.11] 6.63 3.29 0.22 2.69
Standard Error 4.10 4.53 6.86 1.38 0.46 0.03 0.09 0.55 0.63 0.09 0.01 0.14
Median 140.00 24.00 20.50, 84.000 27.00 2.00 1.99 18.63 8.30 3.30 0.20 2.68
Mode 126.00 1.00 1.00 85.00 26.00 2.00 2.00 21.00 8.40 3.40 0.20
Standard Deviation 43.58 41.51 53.11] 14.39 4,77 0.26 0.58 3.67 4.12 0.42 0.04 0.97]
Sample Variance 1899.29 | 1722.98) 2820.39] 207.13  22.76 0.07 0.34 13.44 17.00 0.17 0.00 0.94
Kurtosis -0.35 0.10 2.82 1.32 1.08 1.78 0.21 6.19 -1.50 -0.45 0.02 -0.10
Skewness 0.48 1.03 1720 -0.72 -0.32 1.11 0.38 -1.90 -0.27 0.31 0.88 0.33
Range 188.00 148.000 221.00f 80.000 26.00 1.60 2.68 21.60 12.10 1.60 0.15 4.09
Minimum 68.00 1.00 1.000 30.00 12.00 1.50 0.82 3.00 1.00 2.60 0.15 0.81
Maximum 256.00 149.000 222.00f 110.000  38.00 3.10 3.50 24.60 13.10 4.20 0.30 4.90
Sum 16692.00| 3423.00| 2591.001 8797.00) 2848.90, 224.000 86.47| 796.78 284.98 72.35 8,51 128.96
Count 113.00 84.00 60.00| 108.00f 106.00] 106.00, 44.00 44.000  43.00 22.00 38.00 48.00
Confidence 8.12 9.01 13.72 2.75 0.92 0.05 0.18 1.11 1.27 0.18 0.01 0.28
Level(95.0%)

Source: Calculated and compiled from the Wheat Yield Forecasting Survey and lab Measurements.



Third Visit. (March 23-April 02) Table 5-6 summarizes data collected during the third visit
About one half of the plots were in mature stage 3 (late boot and flower and about one half in
maturity stage 4 (milk). A few plots had reached maturity stage 5 (soft dough).

| Field Observation

Number of plots surveys is 113 plot.

Maturity stages: 3 (late boot and flowering) about 46%.
4 (milk stage) 49%
5 (soft dough) 5%

Average number of stalks per plot 132.78
Standard error 2.70%

Confidence limits + 7.09

Minimum 59

Maximum 243

Average number of late boot heads per plot 10.78 (from 51 plot)
Standard error 2.52 (23.38%)

Confidence limits + 5.05

Minimum number of late boot heads 1

Maximum number of late boot heads 86

Average number of emerged heads per plot 96.18
Standard error 5.60 (5.82%)

Confidence limits + 11.09

Minimum number 1

Maximum number 239

Average plant height 107.84 cm
Standard error 1.14%
Confidence limits + 2.44
Minimum height 57 cm
Maximum height 130 cm

Average length of flag leaf 26.40 cm
Standard error 1.70%

Confidence limits + 0.9 cm
Minimum length 16 cm

Maximum length 41 cm



Table C-3: Summary of Data Collection Counts and lab M easurements of Wheat Yield Forecasting Third Visit

Stalks | Late |Emerged| Plant Flag Flag |Average|Average|Average| Average | Spike Stem Average
Number | Boot Head Height L eaf L eaf Green | Fertile |[Number| Spike |Diameter | Diagonal | Weight of
(cm) Length | Width [Weight/ | Spikelet of Length (cm) (mm) | LateBoot
(cm) (cm) Head Per |Graing (cm)
(gm) Spike | Head
Mean 132.78 10.78 96.18| 107.84| 26.40 2.04 266| 18.28 40.34 9.84 3.07 2.27 1.66
Standard 3.58 2.52 5.60 1.23 0.45 0.04 0.09 0.32 2.30 0.13 0.06 0.04 0.27
Error
Median 131.00 4.00f 112.00] 110.00{ 26.00 2.00 252 18.73] 37.10 9.95 3.10 2.20 1.39
Mode 105.00 3.00 12.00 110.00{ 23.00 2.00 1.86| 18.80] 36.80 10.50 250 250
Standard 38.02 17.97 59.50 13.09 4.81 0.39 0.97 3.38 19.27 1.33 0.62 0.46 0.93
Deviation
Sample 144521 | 322.97| 3540.13| 171.35| 23.17 0.15 0.93| 11.44| 37146 1.76 0.38 0.21 0.86
Variance
Kurtosis -0.10 8.90 -1.15 2.68 0.35 3.19 -0.30 9.05 -0.01 0.34 0.57 -0.34 -1.68
Skewness  |0.37 3.00 -0.15 -1.13 0.66 -0.80 0.62 -2.02 0.20 -0.08 -0.05 0.43 0.29
Range 184.00 85.00[ 238.00 73.00f 25.00 2.30 420 24.20] 81.40 7.94 3.55 2.00 248
Minimum  |59.00 1.00 1.00 57.00 16.00 0.70 1.08 0.30 240 5.56 1.25 1.50 0.55
Maximum |243.00 86.00f 239.00] 130.00 41.00 3.00 5.28| 2450 83.80 13.50 4.80 3.50 3.03
Sum 15004.00| 550.00| 10868.00| 12186.00| 2983.10| 230.66| 298.17| 2046.87| 2823.87| 110240 343.80| 254.66 19.87
Count 113.00 51.00f 113.00f 113.00] 113.00{ 113.00; 112.00 112 70.00 112.00f 112.00 112.00 12.00
Confidence |7.09 5.05 11.09 244 0.90 0.07 0.18 0.63 4.60 0.25 0.12 0.09 0.59
Level
(95.0%)

Source: Calculated from the Wheat Yield Forecasting Data Survey and lab measurements.




Flag leaf width 2.04 cm
Standard error 0.04 (1.96%)
Confidence limits+ 0.07
Minimum width 0.7 cm
Maximum width 3.0 cm

[l Lab Determinations

Average weight per green head 2.66 gm.
Standard error 3.38%

Confidence limits + 0.18

Minimum number 1.08 gm

Maximum number 5.28 gm

Average fertile spikelets per spike 18.28
Standard error 1.75%

Confidence limits + 0.63

Minimum number 0.3

Maximum number 24.5

Average number of grains per head 40.34
Standard error 2.30 (5.7%)

Confidence limits + 4.60

Minimum number 2.40

Maximum number 83.8

Average spike length 9.84 cm
Standard error 0.13 (1.32%)
Confidence limits + 0.25 cm
Minimum number 5.56 cm
Maximum number 13.5 cm

Average spike diameter 3.07 cm
Standard error 0.06 (1.95%)
Confidence limits + 0.12 cm
Minimum number 1.25
Maximum number 4.8 cm

Average stem diameter 2.27 cm
Standard error 0.04 (1.76%)
Confidence limits + 0.09 cm
Minimum number 1.5
Maximum number 3.5 cm



Fourth Visit (April 20-May 01). In the fourth visit about 60% of the samples
had reached maturity stages 6 and 7 and about 65% of the samples were
harvested by the end of April. This ratio increased to about 83% by May 02.
A few fields were harvested at maturity stage five because the farmer was
planning to harvest the field immediately.

All but 35 of the plots were harvested on the fourth visit. Data from the fourth
visit is summarized in table 5-7 and critiqued below.

| Field Data

Average number of emerged heads 130.50
Standard error 2.69%

Confidence limits + 6.96

Minimum number 54

Maximum number 239

Average plant height 108.58 cm
Standard error 1.09%
Confidence limits + 2.33
Minimum height 70 cm
Maximum height 130 cm

[l Lab Determinations

Average fertile spikelets per spike 17.86
Standard error 0.6 (3.36%)

Confidence limits + 1.22

Minimum number 4.40

Maximum number 23.0

Average number of grains per head 40.21
Standard error 2.13 (5.3%)

Confidence limits + 4.33

Minimum number 5.20

Maximum number 65.60

Average weight of grains per head 2.56 gm.
Standard error 0.17 (6.64%)

Confidence limits + 0.35 gm

Minimum weight 0.32 gm

Maximum weight 4.56 gm

Average moisture content 16.71%
Standard error 5.14%

Confidence limits + 1.70 %
Minimum moisture content 1.03%
Maximum moisture content 36.54%



Table C-4: Summary of Data Collection Counts and Lab Measurements of Wheat Yield Forecasting Fourth Visit

Emerged| Plant |[Average| Average |Average| Average |Average|Average| Average Spike Stem
Head # | Height (Weight/ | Fertile | Number |Weight/Head|Weight/ |Weight/ | Spike | Diameter Diagonal
(cm) Green | Spikelet of (gm) Dried | Dried | Length (cm) (mm)
Head |Per Spike|Graing/ Head Head (cm)
(gm) Head (gm) 12.5%
(gm)

Mean 130.50 108.58 3.53 17.86| 40.21 2.56 1.67 191 9.91 3.97 251
Standard Error|3.51 1.18 0.21 0.60 213 0.17 0.11 0.12 0.20 0.10 0.1
Median 130.00 110.00 3.54 18.40{ 39.60 2.52 1.62 1.85 9.80 4.10 25
Mode 116.00 110.00 3.16 18.00f 38.60 3.40 1.34 1.53 9.80 4.40 2
Standard 37.36 12.49 1.25 3.55 12.60 1.01 0.64 0.73 1.20 0.62 0.60
Deviation

Sample 1395.95 156.03 1.57 12.62| 158.87 1.02 0.41 0.54 1.44 0.38 0.36
Variance

Kurtosis 0.02 -0.27 0.75 6.02 1.25 0.21 0.23 0.23 0.90 0.37 291
Skewness 0.32 -0.65 -0.18 -2.08 -0.64 -0.09 -0.23 -0.23 0.75 -0.79 1.45
Range 185.00 60.00 5.60 18.60 60.40 4.24 2.74 3.13 5.50 2.75 3.00
Minimum 54.00 70.00 0.64 4.40 5.20 0.32 0.18 0.21 8.00 2.25 1.50
Maximum 239.00 130.00 6.24 23.00 65.60 4.56 2.92 3.34 13.50 5.00 4.50
Sum 14747.00 {12270.00] 123.70] 625.00 1407.20 89.55| 58.60 66.98| 346.84 139.10 88.00
Count 113.00 113.00f 35.00 35.00f 35.00 35.00f 35.00 35.00 35.00 35.00 35.00
Confidence  |6.96 2.33 0.43 1.22 4.33 0.35 0.22 0.25 0.41 0.21 0.21
Level(95.0%)

Source: Calculated from the Wheat Yield Forecasting Data Survey and lab M easurements.




Harvest Visit (April 22- May 09)

Table 5-8 shows a descriptive analysis for varieties by governorates and variety
in the harvest visit. The table includes the final count means, lab
measurements and other descriptive statistics. A summary of the important
results is given in the following paragraphs:

| Field Data

The average final emerged heads was 131.52 per plot as over all means. By
varieties total head count/plot was: Durum 143.75, Sakha8 159, Sakha61
124.81, Sakha69 131.48, Gizal64 135.6, and Gimmiza5 79.

The standard error of the total estimate was about 2.68%. By varieties the
standard xxxxx was 3.35% for Sakha 69, 5.57 for Durum, 7.5% for Sakha 8,
7.29% for Giza 164, 8.19% for Sakha 61, and 22.78% for Gimmiza 5.

[l Lab Determinations

The lab measurements from the harvest visit were very important for the final
estimates of head weight, moisture, number of grains per head and other
important variables. Table 5-8 summarizes and describes these variables for
variety, governorate and total level.

The average number of emerged heads per plot counted in the laboratory was
slightly higher than the field counts (131.87 compared with 131.39). The lab
counts are probably more accurate because of the better working condition.
The table shows all final lab measurements and determinations. The final
average weight of grain per plot at 12.5% moisture was 245/17 gm with S.E
3.68%. Average of kernels per head was 1.89 grams with S.E. of 3.17%.

The five head sample selected outside the plot also showed a higher number of
grains per head and weight per head than for the plants within the plot. This
difference likely reflects a randomness in selecting the five head sample and the
tendency to pick the larger heads.

Table 5-9 shows a comparison between wheat yield forecasting survey estimates results and
estimates of both research stations and AERI estimates. The data demonstrate that the
survey number of spikes per m? for all varieties except Gimmiza 5 were within
range of research data. The average is 366/m? for the survey, 350-450/m2 for
research, and about 425/m? for AERI data.

Number of grains per spike was different for most of varieties for survey data
and research data except Giza 164. Varieties Sakha 69, Sakha 61, and
Gimmiza S5 were less than research by 7-10gm/ spike, but for Durum, the
survey data was greater than research data by 7 gm/spike.



ANNEX D: WHEAT YIELD FORECASTING FORMS



Wheat Yield Forecasting Study - 2000

Form (A): Sketch of Selected Par cel

Governorate: District: Stratum:

Village: Hode: Cluster:

Parcel No. Area F K Cultivator

Number of Fields Selected Field: Length Width
Visiting Date:

1) Sketch of parcel location among the hodes of the selected cluster, and location to the main road and

to the village N
% E

S

2) Sketch of selected parcel showing measurements, natural separators inside and outside parcel, and
measurements of the selected field. N
% E

S

3) Genera Data on Selected Parcel

1) Sail

2) Fertility degree

3) Dranage

4) Irrigation

5) lrrigation Ratio

6) Previous Crop

7) Planting Date

8) Other Observations
a)
b)
c)




Wheat Yield Forecasting Study

Form (B): Wheat Plant Counts and Observations

Variety Month Y ear
1. General Data
Governorate: District: Stratum: E
Village: ote er No.:
Parcel No.: Area: © T Farmer Name ]
Number of Fields: Selected Field :Length: Width:
Planting Date: Planting Method: Broadcast_g Rows_l;l Ridges @rill D
Visiting Date: Time: Visit Purpose:
2. Plot L ocation Plot 1 Plot 2
Random Length (M) ......ccovniiii
Random Width (M) ...
3. Stage of Maturity (circle one code for each plot)
L ate Boot Flag or
Blank Maturity gard Soft Milk | Emerged Head | Early Pre Maturity Stage
ough | Dough & Fl . Flag
owering Boot
8 7 6 5 4 3 2 1 Count Areafor Plot 1
8 7 6 5 4 3 2 1 Count Areafor Plot 2
8, take plot 2 6 or 7, begin with 4 or 5, begin 1, 2 or 3 begin with item 4 When maturity stage of
instead of 1. If item 5 withitem 5 plot 1is:
both plots are 8,
gotoitem7
Countswithin Plots
Plot 2 Plot 1 To make counting easier, divide the counting area into four sections

Total

Total

using metal stakes and cords. Record the counts for each quadrant in
the appropriate box in items 4, 5 and 6.
4. Number of stalks (stems)...........c..ccccvenee.

5. Number of headsin late boot stage in the counting area..........

6. 6.8) Number of emerged heads............

6.b) Number of detached heads on the general in the counting area
(when the plot is harvested)




7. 1f the maturity stage code circled in item 3 for plot 1 (or plot 2if plot 1 isblank) is:
1or 2, gotoitem 10.
3,4or5gotoitem8.
6or7,gotoitem9.
8 for both plots, go to item 10. Write reason for plots being blank on Form (B), page 1.

60cm 30cm 30cm

20cm Pattern of Clipping
30cm

C/>l 20cm
ENNENID !

C7 7 Starting Point
Y S

60cm 20cm

20cm

Count Area Clip Area 20cm

30Cm
Drawing 1 Drawing 2

8. Instructionsfor Clip Areas
Step (1): Divide the clip area into six 30 cm x 20 cm blocks as shown in the drawing 1 above. Clip only
the designated block each month following the pattern shown in drawing 2 above.

Step (2): Clip al plants in the designated block 5 cm above the ground. Remove heads from plants by
clipping 2 cm below the first spikelet. Place heads from the first 5 (or less if fewer than 5 emerged heads
in the block) emerged heads in a small bag. Record the number of heads placed in the bag on the ID Tag.

Step (3): Remove emerged heads from the remaining plants from the designated block by clipping 2 cm
below the first spikelet and place in large bag. Record number of heads placed in the bag on the ID Tag.
Remove late boot heads from the plants by clipping below the flag leaf. Place late boot heads in a
medium bag. Record the number of late boot heads placed in the bag on the ID Card. Attach all bags
together with the ID Tags.
Repeat steps 1-3 for plot 2.

9. Instructions for Harvesting the Count Area

When maturity codeis 6 or 7. Harvest plot 1 and plot 2 separately.

Step (1): Clip al late boot heads in the first quadrant by clipping below the flag leaf. Place late boot
heads in a medium bag, and record number placed in the bag on the ID Tag.

Step (2): Clip al emerged heads in the first quadrant 2cm below the first spikelet. Place clipped heads in
alarge bag and record the number on the ID Tag.

Step (3): Repeat steps 1 and 2 for quadrants 2, 3 and 4.

Step (4): Collect all emerged heads on the ground in the clip area and place in a small bag.

Record the number of the heads clipped on the ID Tag. Attach all bags together with the ID Tags and
send to the laboratory.

Repeat steps 1-4 for plot 2.

Engineer: Supervisor:




10. Observations of Conditionsin the Plotsand in the Field

Plant Damage Infestation
Densit L odging Humidity | Irrigation Item
y Birds Rats I nsects Disease | Weeds

Plot 1
Plot 2
Field

Fertilizer (Qty, date, and method of application)

a) Manure D b) Phosphorus D

c) Nitrate D d) Potassium |:|

Pesticides Applied (Quantities and Dates)

9 ] b) [ ]

C) D d) D

Weather

a) Rains D b) Winds D

c) Temperature [] d) Humidity []

Special M easur ements

Observations Plot 2 Plot 1 ltem

From the base of the plant to the top of the

head, excluding awns.

Average Plant Height (cm)

From the base of the flag leaf to leaf tip.

Average Flag L eave Length (cm)

Maximum width of flag leaf.

Average Flag Leaf Width (mm)

Number of Sample Emerged Heads (5 or less)

Number of Rest Emerged Heads in the Clip Area

Number of Heads in Late Boot in the Clip Area

Other Information
a) General Crop Level:

¢) Seed Source:

€) Expected Harvesting Date:

Frre-work—ended:

b) Expected Date of Irrigation:
d) Seed Rate: (kg./feddan)

Engineer:
Signature:

Supervisor:
Signature:




Irrigation

Weed Infestation
Disease Infestation
Insect Infestation
Rat Damage
Lodging

Bird Damage
Plant Density

Rains

Winds
Temperature
Air Humidity
Crop Condition
Seed Source

Evaluation Guide Lines

Excess
Heavy
Heavy
Heavy
Heavy
Severe
Severe
Heavy

Sufficient I nsufficient

Moderate Light
Moderate Light
Moderate Light
Moderate Light
Moderate Light
Moderate Light
Moderate Light

Weather L ast M onth

Heavy

Stormy
Abnormal/Hot
High
Excellent
Farmer

1% Year

2"Y ear
39Year

4" or More

Moderate
Moderate
Normal
Moderate
Good
Coops

None
None
None
None
None
None
Blank

Light

Cdm
Abnormal/Cool
Low

Fair

Other farmer

None
None

Poor
Trader

07 May, 2000



Wheat Yield Forecasting Study 2000
(Maturity Stages 3, 4, 5)

Form (C-1): Lab Data

Governorate District Stratum
Village Cultivator Name Variety
Date Lab Received Sample:

1) From | dentification Tag

Code of lower plot

Average two plots..
Average two plots..
Average two plots..

Plot (1)  Plot(2)

Tota a) Total heads (emerged and late boot)...... (number)
....... b) Maturity stage .............cceveeeieeennen.... (COdE)
. (cm) c) Averageplantheight ...............coieinain. (cm)
. (cm) d) Averageflagleavelength ..................... (cm)

. (cm) €) Averageflag leave width ....................... (cm)

2) Lab Data, Partial Sample of Emerged Heads (Small Baq). (use wor ksheet on back)

Plot (1) Plot (2) Total

Complete (2C) and (2D) only for Maturity Stage 3

Complete (2E) only for Maturity Stages 4 and 5

a) Number of emerged headsin thesample (50rless)..........ccccooveiienne. number
b) Total weight of emerged heads (clip stems 2cm below first spikelet) ......... gm

c) Total Fertile SpIKeletS ... number
d) Total Sterile SPIKEELS ... number
€) TOtal GraiNS ....oee e e number

f) Total weight Of grains ... ..o e gm
g) Total weight of grainsafter drying ...........oooeviiiiiiii e, gm

3) Lab Data on Remaining Heads

A) Emerged Heads (Large Bag)

B) Late Boot (Medium Bag

1) Total emerged heads, l[ab counting ..., number
2) Total weight of emerged heads ............coovi i, gm
3) Average length of emerged head (take measurements of first partial
sample if suitable number isnot available) .................oooiiiiinn . cm
4) Average diameter of emerged head (middle of head) ................... cm
5) Average stem diagonal (2 cm downthehead base) ..................... mm
(1) Total Number, Lab Counting .........ccovveieiieie i e, number
(2) Total Weight of Late BOOt .........c.ovvvieiiiiiiiiiiieii e e e gM

Technician

Date of Analysis




Complete only for Maturity Stage (3)

Sterile Spikelets
Plot (2) Plot (1) Head No.
1
2
3
4
5
Totd

To be written in (2D)

(Counts)

Fertile Spikelets
Plot (2) Plot (1) Head No.
1
2
3
4
5
Totd

To be written in (2C)

Complete only for Maturity Stages (4,5)

(Counts)
Grains
Plot (2) Plot (1) Head No.
1
2
3
4
5
Total

To bewritten in (E2)

08 May, 2000




Wheat Yield Forecasting Study 2000
(Maturity Stages 6, 7)

Form (C-2): Lab Data

Governorate District Stratum
Village Cultivator Name Variety
Date Lab Recelved Sample:

1) From | dentification Tag

Code of Plot (1) b) Maturity stage ........coovveiiiiiii s (code)

Plot (1) Plot (2)
Total a) Total heads (emerged, late boot, detached )...... (number)

2) Lab Data, all heads clipped from plots (1) and (2)

A) Plot (1): @) Headsinthe Sample L/.......c.oo i e number

b) Total weight of heads ... e e, gm

c) Averagelengthof head ....... ... cm

d) Averagediameter of head ... cm

B) Plot (2): @) Headsinthe Sample L/........ooor i e e number

b) Total weight of heads ... e e, gm

c) Averagelengthof head ....... ... cm

d) Averagediameter of head ... cm

[ ] C)Total weight of dl heads ........... 2A (DD + 2B (DD e gm

3) Threshed Grain, all heads of plots (1) and (2)

plot (1) plot(2) Tota

e) Weight immediately after threshing grains
If item (3a) islessthan (2c)__ ( )Yes, go to (3b). If no, stop and advise supervisor.

b) Weight immediately beforedrying ..., gm

C) Welght after drying ....ccoovvieiieiie e e e gm

d) MOIStUrE CONLENES .....e e e e 00

Technician

Date of Analysis

1/ In case lab counting is different from field counting, follow the steps below:
a) Check the accuracy of counting of the specified plot.

b) Check the summation of the cards.

¢) In case the difference is 2% or more, recount the heads and the plots.

08 May, 2000



Wheat Yield Forecasting Study 2000
(Maturity Stages 6,7)

Form (C-3): Lab Data
(A Specia Study of a Sample of 5 Emerged Heads)

Governorate District Stratum
Village Cultivator Name Variety
Date Lab Received Sample:

1) From | dentification Tag

Plot (1)  Plot(2)

........................ Tota a) Sample (5 emerged heads) .............. (number)

Code of lower plot ....... b) Maturity stage .........ccooveiieiiiien, (code)

2) Lab Data, Partial Sample of Emerged Heads (Small Bag). (use wor ksheet on back)
Plot (1) Plot(2) Total

a) Number of emerged headsin thesample (50rless)..........cccooeeeienne. number

b) Total weight of emerged heads (2cm down the emerged head base) ............ gm
Complete (2C) and (2D) [Use table (1) and table (2)]

C) Total Fertile SpikElEtS ..o number

d) Total Sterile SPIKEIELS ......oe e number
Complete (2E) [Usetable (3)]

€) TOtal GraiNS ....oeeie it number

f) Total weight of grainsbeforedrying ...........ccoooo i, gm

g) Total weight of grainsafter drying ...........oooeviiiiiiii e, gm

N) MOISIUrE CONTENT ... ..ttt %

Technician Date of Analysis




Table(l) (Counts) Table (2) (Counts)
Sterile Spikelets Fertile Spikelets
Plot (2) Plot (1) Head No. Plot (2) Plot (1) Head No.
1 1
2 2
3 3
4 4
5 5
Totd Totd
To bewritten in (2D) To be written in (2C)
Table (3) (Counts)
Grains
Plot (2) Plot (1) Head No.
1
2
3
4
5
Totd
To be written in (2E)

08 May, 2000




Wheat Yield Forecasting Study 2000

Form (E): Post-Harvest Gleanings

Governorate: District: Stratum:
Village: Cultivator: Variety:
Date:

Note: Post harvest gleaning should be finished immediately after harvest, but not more than three days
after harvest. If the sample parcel has been plowed, select another parcel nearly to complete the post
harvest gleanings.

Field Observation

To locate the post-harvest gleaning plot, add 3 meter to the measurements for locating the count plot. If
the peat falls outside of the field, deduct 3 meters from measurements. Layout plot 60cm x 60cm using
the frame.

Plot (1) Plot (2)

Random Length (IMt).......cooouviniiei e

Random Width (mt) ...

Post harvest (put all gleanings of both plots in one bag)
1) Glean in both plots:
One) All complete heads.
Two) All parts of heads.
Three) All detached grains.
Did you select an dternate field for post-harvest gleaning? Yes( ) No( )

Send form (E) with the bag to the lab

Enumerator: Supervisor:
Date:

Lab Data for Post-Har vest

Date lab received sample:

2) Total weight of heads, kernelsand hay inthebag ..................cccei. (gm-,-)

3) Weight of threshed grains ..........coovie it e (gm-,-)

4) MOISIUIE COMEEINTS ... oottt et e e e et e e e et e e e e e e e eaeeeneas (% -,-)

Technician: Date of Analysis:




Wheat Yield Forecasting Study 2000
ID Card for Harvesting

Governorate District
Cluster Field
Cultivator Name Variety
Plot: Random Length Random Width
Remarks Plot No.
Maturity Stage Code

Date and Time of Harvest (count area)

Tota Complete Heads

Total Late Boot Heads

Total Detached Heads

Grand Total of Heads

Enumerator Signature

Supervisor _ Signature




Wheat Yield Forecasting Study 2000

ID Card
Clip Area Sample

Governorate District
Village Hode
Cultivator Name Variety
Remarks (2) (1) Plot No.
Sample Date
Maturity Stage Code

Emerged Heads in Sample (5 or less)

Late Boot Heads

Rest Emerged Heads

Totd

Average Plant Height (cm)

Average Flag Leave Length (cm)

Average Flag Leave Width (cm)

Enumerator Signature

Date Time




ANNEX E: WHEAT YIELD FORECASTING-AERI EXPERIENCE 1993-1998



Wheat Yield Forecasting - AERI 1993-1998

The forecasting program was one of the planned studies of Agricultural Economic Research
Ingtitute, Sampling Research Section. It started with data collection activity with pilot surveys in
the year 1984 with the help of USDA NASS for cotton and wheet, corn, cetrus forecasts.

Sample Design for Wheat Yield Forecasting

Whesat yield forecasting was conducted in five governorates as a research work during the period
1993-1998 (Gharbia, Kafr El Shelkh, Sharkia, Menofia, and Fayoum). The average yield of these
five governorates represents the average of the country with dight modification.

Sample size was 60 plots for each governorate alocated among the largest three cultivated wheat
area didtrict, 20 plots for each didtrict distributed between two sdlected villages per digtrict,
selecting 10 cultivators growing wheat crop within each of the selected villages which randomly
locate the plots at the last 10 days of February with the help of stedl frame. The plot consists of 3
gamall plots 60 cm x 60 cm. The data were collected during 3 visits of the last 10 days of February,
of March, and of April, in addition to the harvest visit in May. Table (1) shows the sample design
and table (2) shows the comparison between forecasts estimates for the period 1993-1998, crop
cutting estimates, and the final estimates of the Minidtry.



Table E-1: Wheat Yield Forecasting, Sample Design 1998

Governorate District # Villages # Fields Selected
Gharbia Tanta 2 20
Senta 2 20
Zifta 2 20
Total 6 60
Kafr El Sheikh Kdlin 2 20
Kafr El Sheikh 2 20
Dessouk 2 20
Total 6 60
Sharkia Abu Kebir 2 20
Zagazig 2 20
Menya El Kamh 2 20
Total 6 60
Mencfia Quesna 2 20
Tda 2 20
Menouf 2 20
Total 6 60
Fayoum Senouris 2 20
Tamia 2 20
Fayoum 2 20
Total 6 60
Grand Total 30 300

Source : ARC, AERI, Sampling Research Section Survey




Table E-2: Wheat Yield Forecasting*, Crop Cutting** Comparing with Final
Estimates** in Egypt, 1993-1998

Ardab/Feddan

Y ear End Feb. | End Mar. | End Apr. May Crop Final
D 2 (©)) (Harvest) Cutting

1993 16.74 16.53 - - 15.01 14.99
1994 16.11 16.29 15.79 - 14.01 14.01
1995 16.94 15.56 15.44 15.42 15.11 15.19
1996 15.73 15.62 15.54 - 15.67 15.71
1997 16.66 16.19 16.09 15.81 15.60
1998 16.51 16.58 16.60 16.31 16.78

*  AERI forecasts.

** CAAE estimates.
Note: Ardab = 150 kg.

Forecast M odelling

Survival Models

Wheat yield forecasting in Egypt based on the survival ratios of heads, for months of

Feddan = 4200 nv

February, March, April, and May, and the average of grain per head from the previous years.
Table (3) shows some of these measurements.

Table E-3: Survival Ratios of Wheat Yield Forecasting and Average Weight of Grain
Per Head, Period 1993 - 1998

Y ear End Feb. | End Mar. | End Apr. May Average Weight of
D 2 (©)) (Harvest) Grains/Head (gm)

1993 0.75 0.90 - 1.00 1.550

1994 0.87 0.90 - 1.00 1.524

1995 0.89 0.91 0.94 1.00 1.499

1996 0.91 0.96 0.97 1.00 1.512

1997 0.92 0.95 0.97 1.00 1.559

1998 0.81 0.85 0.92 1.00 1.590

Survival Ratio of: February: Stalks number/fina heads number per plot.

March: (Emerged headst+heads in late boo)t/final heads number.




April: Emerged heads/find heads number
Statistical Models (1995, AERI)

February: y =111+ 0.90X; R® 089
(4.08)
March: y =448+ 095X, R® 09
(76.56)
April: Y =22.94+0.85X4 R® 078
(32.83)
y =247 + 0.74X1 + 0.24X3 R® 049

(2838) (9.53)

Where:

y  Find head numbers per plot

X1 Number of stalks per plot

X2 Heads in late boot per plot

X3 Emerged heads per plot

Xa Emerged heads + headsin late boot

Wheat Growing Stagesin Egypt

Cultivators usualy grow wheet in first haf of November in Upper Egypt and in second haf of
November in Lower Egypt. The harvest mostly in May. Now there are some early varietiesripe in
March and April. There are many varietiesin Egypt. Theimportant stages of growing are:

Preflag stage

Early boot or flag stage
Late boot or flower stage
Milk stage

Soft dough stage

Hard dough stage

Ripe stage



Table E-4: Wheat Yield Forecasting in Egypt, 1996 (February Data)
Survival Ratio Model

Item Unit Period | Average | Upper L ower

Limit Limit
Number of stalks/plot No. 1996 | 171,008 | 175,999 | 166,017
Survival ratio (]_St of March) Cosf. *05/92 0.91 0.91 0.91
Expected number of heads at harvest/plot No. 1996 | 155,617 | 160,159 | 151,075
Average weight of graing/head Gm. *05/92 1,512 1,512 1,512
Average weight of graing/plot Gm. 1996 | 235,293 | 242,160 | 228,425
Yield/feddan from sample Ard./fed 1996 18,301 18,835 17,767
Harvest loss Ard.ffed | *95/92 249 249 249
Net yield Ard./fed 1996 18,052 18,586 17,518
Coef. Transformation (sampleto N.L) Coef. | *95/92 0.96 0.96 0.96
Net yield of valley land Ard./fed 1996 17,330 17,822 16,817
Total valley area of wheat Mil.Fed 1996 2,099 2,099 2,099
Yidd o new lands for whesat Ard./fed 1995 8.92 8.92 8.92
Area of new lands for whesat Mil.Fed 1996 489 489 489
Yidd of new lands Ard./fed 1996 15,730 16,132 15,934
Total production of valley Mil. ton 1996 5,456 5,611 5,295
Total production of new lands Mil.ton | 1996 654 654 654
Expected total production of Egypt Mil. ton 1996 6,110 6,265 5,949

* Average period (1992-1995)

Source: Agricultural Research Center (ARC), Agricultural Economic Research Institute (AERI),
Sampling Research Section, Wheat Yield Forecasting, February Visit, 1996.

Notes: Plot=60cm x 60cm
Feddan = 4200 '
Ardab = 150 kg.



Table E-5: Wheat Yield Forecasting in Egypt, 1996 (M arch Data)
Survival Ratio Model

Item Unit Period | Average | Upper L ower

Limit Limit
Emerged heads + headsin late boot No. 1996 | 160,733 | 162,967 | 158,499
Survival ratio (late March) Cosf. *05/92 0.96 0.96 0.96
Expected number of heads/plot No. 1996 | 154,304 | 156,448 | 152,159
Average weight of graing/head Gm. *05/92 1,512 1,512 1,512
Average weight of graing/plot Gm. 1996 | 233,308 | 236,549 | 230,064
Yield/feddan from sample Ard./fed 1996 18,147 18,399 17,894
Harvest loss Ard.ffed | *95/92 249 249 249
Net yield Ard./fed 1996 17,898 18,150 17,645
Coef. transformation (sample to N.L) Coef. | *95/92 0.96 0.96 0.96
Net yield of valley land Ard./fed 1996 17,182 17,424 16,939
Total valley area of wheat Mil.Fed 1996 2,099 2,099 2,099
Yidd o new lands for whesat Ard./fed 1995 8.92 8.92 8.92
Area of new lands for whesat Mil.Fed 1996 489 489 489
Yidd of new lands Ard./fed 1996 15,621 15,817 15,424
Total production of valley Mil. ton 1996 5,410 5,486 5,333
Total production of new lands Mil.ton | 1996 654 654 654
Expected total production of Egypt Mil.ton | 1996 6,064 | 6142 | 50987

* Average period (1992-1995)

Source: Agricultural Research Center (ARC), Agricultural Economic Research Institute (AERI),
Sampling Research Section, Wheat Yield Forecasting, February Visit, 1996.

Notes:. Plot=60cm x 60cm
Feddan = 4200 n'’
Ardab = 150 kg.




Table E-6: Wheat Yield Forecasting in Egypt, 1996 (April Data)
Survival Ratio Model

Item Unit Period | Average | Upper L ower

Limit Limit
Emerged heads No. 1996 | 158,213 | 162,560 | 153,366
Survival ratio (end March) Cosf. *05/92 0.97 0.97 0.97
Expected number of heads/plot No. 1996 | 153,467 | 157,663 | 149,250
Average weight of graing/head Gm. *05/92 1,512 1,512 1,512
Average weight of graing/plot Gm. 1996 | 232,042 | 236,417 | 225,666
Yield/feddan from sample Ard./fed 1996 18,048 18,544 17,552
Harvest loss Ard/ffed | *95/92 249 249 249
Net yield Ard./fed 1996 17,799 18,206 17,303
Coef. transformation (sample to N.L) Coef. | *95/92 0.96 0.96 0.96
Net yield of valley land Ard./fed 1996 17,087 17,478 16,611
Total valley area of wheat Mil.Fed 1996 2,099 2,099 2,099
Yidd o new lands for whesat Ard./fed 1995 8.92 8.92 8.92
Area of new lands for whesat Mil.Fed 1996 489 489 489
Yidd of new lands Ard./fed 1996 15,544 15,861 15,158
Total production of valley Mil. ton 1996 5,380 5,503 5,230
Total production of new lands Mil.ton | 1996 654 654 654
Expected total production of Egypt Mil.ton | 1996 6,064 | 6157 | 5884

* Average period (1992-1995)

Source: Agricultural Research Center (ARC), Agricultural Economic Research Institute (AERI),
Sampling Research Section, Wheat Yield Forecasting, February Visit, 1996.

Notes:. Plot=60cm x 60cm
Feddan = 4200 n'’
Ardab = 150 kg.




Table E-7: Wheat Yield Forecasting in Egypt, 1996 (May Data)

Survival Ratio M odd

Expected total production of Egypt

Item Unit Period | Average | Upper L ower

Limit Limit
Emerged heads/plot No. 1996 | 158,027 | 162,530 | 153,524
Average weight of graing/head Gm. *05/92 1512 1512 1512
Average weight of graing/plot Gm. 1996 | 238,937 | 245,745 | 232,128
Average yield/feddan Ard./fed 1996 18,937 | 19,114 18,050
Harvest [0ss Ard./fed | *95/92 0249 | 0249 | 0.249
Net yield Ard./fed 1996 18,336 | 18,865 17,801
Coefficient benefits Ard./fed | *95/92 0.97 0.97 0.97
Net yield (without benefits) Ard./fed 1996 17,786 | 18,299 17,267
Coef. transformation (sample to N.L) Coef. | *95/92 0.96 0.96 0.96
Net yield of valley land Ard./fed 1996 17,075 | 17,567 16,576
Total valley area of wheat Mil.Fed 1996 2,099 2,099 2,099
Yield o new lands for wheat Ard./fed 1995 8.92 8.92 8.92
Area of new lands for whesat Mil.Fed 1996 0.489 0.489 0.489
Yidd of new lands Ard./fed 1996 15,534 | 15,933 15,129
Total production of valley Mil. ton 1996 5,376 5531 5,219
Total production of new lands Mil. ton 1996 0.654 0.654 0.654
Mil. ton 1996 6,030 6,185 5,873

* Average period (1992-1995)

Source: Agricultural Research Center (ARC), Agricultural Economic Research Institute (AERI),
Sampling Research Section, Wheat Yield Forecasting, February Visit, 1996.

Notes:. Plot=60cm x 60cm
Feddan = 4200 n'’
Ardab = 150 kg.




ANNEX F: AGRONOMIC PROSPECTIVE OF WHEAT PRODUCTION AND
YIELD IN EGYPT



Agronomic Prospective of Wheat Production and Yield in Egypt

I mportance of Wheat to Egypt.

Wheat has been considered the first strategic food crop for more than 7000
years in Egypt . It has maintained its position during that time as the basic
staple food in urban areas and mixed with maize in rura areas for bread
making.

In general, over 30 percent of the caloric intake is from wheat flour products,
primarily bread. The government of Egypt has subsidized bread consumption
for decades as a way to raize nutritional levels and to benefit low-income
families.In addition, wheat straw is an important fodder.

Historically, wheat yields have tended to increase gradually over the past five
decades. Wheat production increased from 1.3 million tons in 1950 to 1.9
million tons in 1980. However, the production was far below to meet the
growing population of the country. In Egypt the annual per capita
consumption of wheat has been estimated by about 200 kilograms. The
population growth rate of 2.9 % annually between 1965 and 1980 and of 2.6%
in the decade of the 1980 ,s was not matched by similar increase in wheat
production . This resulted in increasing wheat imports to three folds from the
mid 1970,s. Therefore, increasing wheat production becomes an important
national goal to reduce the amount of wheat imports , save foreign currency ,
and provide enough food to meet increasing domestic demand . To face the
above challenges, a vigorous research program started to improve genetic
potential, develop new production systems, and introduce wheat to new areas.
It was anticipated that high and stable wheat yield could be achieved, if wheat
improvement emphasis is directed to solving the problems of non availability
of appropriate varieties, poor agricultural practices, poor water management,
shortage of nitrogen fertilizer as well as other magjor and minor elements, late
planting , and aphid and diseases infestations .

Moreover, increasing food demands have led to cultivate wheat under
marginal conditions. Drought and/or water stress resistance and heat tolerance
are magjor breeding constraints. Environments with drought, water, and heat
stress encompass about 80,000 hectares at Northwest Coast. About 6000
hectares at the New Valley, and about 220,000 hectares at Upper Egypt
governorates. Salinity is also a problem on about 30 % of the cultivated areas

in Egypt.



However, during the past 20 years, wheat cultivation in Egypt has changed out
of recognition. Wheat grain yield per unit area and total wheat production has
been triggered since 1987. Area under wheat increased from 600,000 hectares
in 1987 to 1.0 million hectares in 1999.In the old land, the average grain yield
increased from 4.6 t/hain 1987 to 6.8 t/ha in 1999. Consequently, total wheat
production in the old land reached 5.6 million tons in 1999 as compared with
2.8 million tonsin 1987.

Since 1990, whesat cultivation was introduced to the newly reclaimed desert
areas .Its area reached over 150000 ha during 1998 producing 653000 tons
with yield average of 4.2 t/h . In 1999, the average grain yield reached 5.3 t/h .
Table.

The national breeding program is concentrating its activities in Nubaria
Research Station to select better adapted and higher yielding varieties. Our
expectation that area under wheat will be increased dramatically in the newly
reclaimed sandy soil.

Moreover, since 1990, wheat cultivation was also introduced to about 0.27
million hectares of marginal rainfed area (150-250 mm annual rainfall).

These efforts resulted in increasing area under wheat to about one million
hectares.

The national average of wheat yield has reached 6.3 t/ha in 1999.
Consequently, the country production of wheat in 1999 have reached 6.3
million tons.

These tremendous efforts cut wheat imports from 7.2 million tons in 1987 to
6.6 million tons in 1990 and to 6.0 million tons in 1999, despite the growing
population that increased by about 18 millions from 1980 to 1999.

Genotypes and Varieties:

Development of high —yielding and adapted varieties is a key to the future
improvement of wheat production .The strategy of the National whesat
Research Program (NWRP) is to select from among introductions and
regionally collected germplasm that show good adaptation to the variable
conditions and good tolerance to the major pests. Mass selection was used as
early as 1920 to improve some Indian bread wheat introductions as well as
local materials of bread and durum wheats.

Hybridization has been used to develop new improved wheat genotypes as
early as 1940. Since 1960,s the new technology linked with the green
revolution stimulated the Egyptian breeders to make marked efforts to attain
the high wheat productivity. The new methodologies developed for wheat
Improvement are based on a multidisciplinary team strategy. Thousands of
varieties and /or accessions have been introduced from several International
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Centers and Organizations as CIMMY T, ICARDA, FAO and USDA. Those
exotic genetic material have been actively screened for adaptation to the
Egyptian environments as well as identifying types with desirable
characteristics and high yield potential to be selected or to be used in breeding.
This approach has assisted the Egyptian wheat breeders to define and select
some cultivars of bread and durum wheat which are favored by the growersin
addition to providing source of well —adapted gremplasm for current and
future breeding work.

Table 3 indicates the released cultivars of bread and durum wheat, their
pedigree, year of release and their actual yield averages since 1921 till present.

In spite of the limited area under wheat which is estimated by about one
million hectare, the number of grown varieties are relatively high, as the
policy is to raise more than one variety per given location , on condition that
those cultivars should carry various genes for resistance against the three rusts
as the main diseases confronting wheat production in Egypt. This policy
helped to save-guard the crop and to buffer against sudden break of rust
attach.

Bread Wheat Varieties:

The current grown bread wheat cultivars are about 13 varieties namely Sakha
61, 69,8,93; Giza 164, 165, 168; Gemmeiza 5,7,9; and Sids 1,4,6 and 7.
According to the varietal policy the varieties Sakha 61 , Sakha 93 , Giza 168
and Gemmeiza 9 are recommended to be grown in Northern Delta Region due
to thelir highly resistance to rusts specially stripe rust. For Middle and
Southern Delta Region the varieties Sids 1, Gemmeiza 5, 7, 9; Sakha 69 are
recommended. As for Middle Egypt the varieties Sids 1,4 Giza 164; Giza 165
and Sakha 69. The bread wheat varieties Giza 164 ,165, Sids 4,6 and 7 are
recommended to be grown in Upper Egypt Region. As for the newly
reclaimed desert areas in Nubaria, Gemmeiza 5 , Gemmeiza 7 ,9 and Sakha 61
are recommended . The variety Sakha 8 is recommended to be grown in Salt-
affected soilsin the Delta and Middle Egypt regions.

It is of interest to mention that the variety Sakha 69 occupies approximately
50% of the total area under wheat as it is favored by most of the wheat
growers due to its wide adaptability. Unfortunately, this represent a very risky
situation and put the crop under threat by stripe rust attack as its resistance
was broken by new aggressive stripe rust races. It is planned to eliminate its
cultivation in the coming two seasons and replace it by the newly released
resistant cultivars as G.168 , Gemmeiza 9 , Sakha 93 and Sakha 61 .



Table 4 indicates the main characteristics of the commercially grown bread
wheat cultivars.

Durum Varieties:

So far five durum wheat varieties namely Beni-suef 1,3,4 and Sohag 2 and 3
are grown in Middle and Upper Egypt Regions . The varieties; Beni-suef 1, 3,
4 are recommended to be grown in Middle Egypt mainly in El-Minia, Beni-
Suef and El-Fayoum . As for Upper Egypt, it is recommended to grow Sohag
2 and 3, Beni-Suef 1,3 and 4 in Assuit, Sohag, Quena and Aswan
Governorates.

Table 5 indicates the main characteristics of the commercially grown durum
wheat cultivars,

Long Spike Varieties:

Long spike whesat varieties are characterized by increased number of kernels
per spike, number of kernels per spikelet and kernel weight.

The first released cultivars; Sids 4,5,6,7,8,9 and 10, were of mono-tillage
nature and faced with improper management from growers in addition to their
susceptibility to stripe rusts . A vigorous program is concentrating to
incorporate high tiller number and resistance to rusts in addition to other
desirable agronomic traits to those long spike cultivars through utilization of
the traditional breeding methodologies in addition to biotechnological
activities as molecular markers. The new two long spike cultivars Gemmeiza 7
and Gemmeiza 9 showed higher yield and wider adaptability to the Delta
Region. They possess resistance to salinity and rusts. Their actual yield ranged
between 7-8 t/ha



Table F-1:Cultivarsreleased by Wheat Resear ch Section, and NWRP,
ARC pedigree, year of release and actual grain yield.

Actual | year Pedigree, Cultivar
yield
t/ha
Bread Wheat

2.5 1921 | Selected Local Variety Hindi D
2.6 1921 | Selected Local Variety Hindi 62
2.7 1921 | Selected Local Variety Mabrouk
25 1921 | Selected Local Variety Mokhtar
2.6 1921 | Selected Local Variety Gizal35
2.7 1921 | Selected Local Variety Tosson
2.6 1947 | Hindi90/ Keya B256 Giza139
2.6 1958 | Rgent /2* Giza 139 Giza 144
24 1958 | Hindi 62/ Mokhtar Giza145
24 1958 | Hindi 62/ Mokhtar Giza 146
3.0 1958 | Hindi D/New Thatcher Giza147
3.2 1959 | Rgent /2* Mabrouk Giza148
3.3 1960 | Mida- Cadet /2*Giza 139 Giza 150
4.5 1968 | Regent /2* Gizal39//Mida Cadet/2* Hindil 62 Giza 155
4.2 1972 | Rio-Negro /2*Mentana//Kenya /3/*2 Giza135/Line 950 | Giza 156
5.8 1972 | Penjamo /GB55/118156 Mexipak 65
6.0 1972 | Penjamo /GB 55 Super X
5.0 1973 | C271/W1(E)//Son 64 Chenab 70
5.0 1976 | Cno 67//SN64/KLRE/3/8156 PK 3418-6S-0S-0S. Sakha 8
5.6 1977 | Giza 155//Pit62/LR64/3/Tzpp/Knott Giza 157
5.0 1977 | Giza156/7C Giza 158
6.0 1980 | Iniag/lRL 4220//7C/Yr*S" CM 15430-25-55-0S-0S Sakha 61
6.3 1980 | Inia/lRL 4220//7C/Yr*S" CM 15430-25-65-0S-0S Sakha 69
55 1982 | Chenab 70/Giza 155 Giza 160
5.7 1987 | Napo 63/Inia66//Wern“S’ S.1551-1S-1S-1S-0S Sakha 92

Vem//Cno 67/7C/3/Ka/Bb CM8399-D-4M-3Y -1IM-1Y- | Giza 162
6.0 1987 | IM-QY

T. aestivum /Bon //Cno /7C CM33009-F-15M-4Y -2M - Giza163
6.3 1987 | IM-1IM-1Y-OM
6.0 1987 | KVZ/Buha“s'//Ka /Bb CM33027-F-15M-500y- Gizal64

OMCno/Mfd//Mon “S” CM43339-C-1Y-1M-2Y -1M-2Y - | Giza 165
6.3 1991 | 0B

Maya74/0n//1160.147/3/Bb/1991Gall/4/Chat “ S’ Gemmieza l
6.3 1991 | CM58924-1GM-OGM
1.4 1994 | N.S.732/Pim/ Vee"S’ Sd 735-4sd-1sd-1sd-0sd . Sahel 1
(rainfed)
7-8 1994 | Maya’S’/Mon”S"/CMH74.A592/3/Giza 157* Sids 4

Maya’S’/Mon” S’ /CMH74.A592/3/Giza 157SD10001- Sids 5
7-8 1994 | 7sd-4sd-2sd-0sd

Maya’S’/Mon” S'/CMH74.A592/3/Sakha 8*2 SD10002- | Sids 6
7-8 1994 | 4sd-3sd-1sd-0sd

Maya’S’/Mon” S'/CMH74.A592/3/Sakha 8*2 SD10002- | Sids 7
7-8 1994 | 8sd-1sd-1sd-0sd

Maya’S’/Mon” S’'/CMH74.A592/3/Sakha 8*2 SD10002- | Sids 8
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7-8 1994 | 14sd-3sd-1sd-0sd
AU/UP30L/GII/SX/Pew" S’ /14l Ma“S’/ Giza 167
6.6 1995 | May"S'//Pew"*S’CM67245-C-1M-2Y -1IM-7Y -1M-0Y
HD2172/Pavon “S’//1158.57/Mayar4 “ S’ Sd46-4Sd-2Sd | Sids 1
6.7 1996 | -1Sd-0sd
Bb/7C* 2//Y 50/K al* 3//Skha8/4/PrviIWW/5/3/Bg “S’//On | Gemmieza 3
6.3 1997 | CGM. 4024-1GM-13 GM-2GM-0GM
6.7 1998 | Vee“S'/SWM 6525 CGM 4017-1GM-6GM-3GM-0GM | Gemmieza 5
CMH74 A. 630/5x//Seri 82/3/Agent CGM 4611-2GM- Gemmieza7
7-8 1999 | 3GM-1GM-0GM.
Ald “S’/Huac" S’ //[CMH74A.630/5x CGM4583-5GM - Gemmieza 9
7-8 1999 | 1GM-0GM.
6.5 1999 | MIL/BUC//Seri CM 93046 — 8M-0Y -OM-2Y -0B Giza 168
6.5 1999 | Sakha 92/TR 810328 S 8871-1S-2S-1S-0S Sakha 93
Durum Wheat
2.3 1921 | Selected Local Variety Baladi 116
24 1921 | Selected Local Variety Dakar49
25 1921 | Selected Local Variety Dakar 52
6.3 1977 | Gdo vz 469/J0" S’//61.130/Lds Sohag 1
6.3 1987 | Cr’'S’ /Pdlicano//Cr’S’IG”S’ Sohag 2
6.3 1987 | Jo"S'/AAIIQ’S’ Beni Suef 1
6.0 1991 | Mexi “S’ IMgh/51792/Durum 6 Sohag 3
6.3 1995 | Corm”S’/Rufo”S’CD4893-10Y-1M-1Y-0M Beni Suef 3
Rok”S’/Mexi 75/4/ “ S’ I/Ruff’s’/[FG” S’ /3/ Mexi 75 Beni Suef 4
6.5 1999 | SDD1462-2sd-1sd-0sd

Source: Wheat Research Section, Field Crops Research Institute, ARC, MOALR, Egypt..

TheYield Triangle:

Total yield of wheat per feddan (4200m2) = .42 ha) is the combined effect of
(1) number of fertile spikes per feddan (2) number of kernels per spike and (3)
kernels weight.

Number of spikes per feddan is considered the main contributer to the
obtained grain yield and is affected heavily by cultural practices and how the
crop is managed . This production factor is not even compensated by the other
two production factors combined i.e. number of kernels per spike and spike
weight . Under Egypt,s condition this number ranges between 300 — 700
spikes /m2 with a national average of 400 spikes /m2 resulting in a country
yield average of 17.8 ardab/fedan (6.3 t/ha) in the old land , ranging from 12-
28 ardabs/feddan (4.5 - 10.5 t/ha) .

Number of kernels per spike of the currently grown cultivars is averaged 55
kernels/spikes in the normal spikes cultivars and 75 kernels per spike in the
long spike cultivars.

However ,1000 kernels weight ranges between 38 grs upto 72 grs.
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Each cultivar of wheat has a geneticaly determined yield potentia |
environment determines how closely actual yield approaches genetic potential.
It is fairly certain that the full yield potential is never achieved , because at
some time during the growing season one or more of the environmental
factors are limiting . Moreover , any production factors which limits the
maximum contribution of any one or more of the yield triangle sidesresultsin
decreased yields.

The national wheat yield average inspite is relatively high (6.3 t/ha) there is
20% gap between actual yield as compared to potential yield due to poor
management, lack of extension, small farm size,and poor cultural practices.

The modern high yielding varieties have been widely adopted in about 80% of
wheat area. Farmers also take advantage of more efficient fertilizer use, better
tillage techniques, more appropriate crop rotation, adequate stand
establishment, and weed and aphids control. Land preparation with tractors,
using drills, and mechanical threshing have also been widely adopted.

Sowing date is one of the most important factors influencing maximum grain
yield. Planting through November does not affect the yield negatively in most
Egyptian regions. However, the results indicated that early November planting
Is optimum for Upper Egypt, while planting around mid November is
optimum for the Delta and Middle Egypt.

The results reported that there was slight increase in grain yield by increasing
seeding rates. The optimum seeding rates for both dry and wet planting were
150 and 180 kg / ha, respectively. However, drilling grain into well - prepared
soil decreased the optimum seeding rate to 110 kg / ha. Chisel plowing, disc
harrowing, and dry - leveling produced maximum grain yields. Laser-leveling
increased yield with all planting methods.

Increasing nitrogen (N) level up to 250 kg / ha produced the highest grain
yield under heat stress conditions in the new land throuhg Nubaria and Upper
Egypt. In the old land, the highest economic grain yield was obtained by 180
kg N/ haand 35 P2 O5/ ha

Nitrogen application should be splitted between the first irrigation (tillering
stage) and the second irrigation (starting of stem elongation stage) but early
application during the planting time is not necessary. However, the activating
early dosage could be important for low fertilitys soil. Phosphorus should be
incroporated to the soil before planting.

Using five and six irrigations for wheat fields boosted grain yields
substantially by about 21 - 35 %.



Results indicated that plots receiving two irrigations before stem elongation
exhibited a significantly higher grain yield of 11 - 22 %.

Farmers adoption of the modern wheat production technology in Egypt
resulted in average annual wheat yield growth rate of 5.0 percent during 1980-
99. However, the higher yield levels resulted in a greater profitability in wheat
enterprise which makes wheat more competitive with other crops. The net
farm income per unit area (feddan=4200m2) of whesat increased from LE. 93
in 1980 to LE.294 in 1986 and to LE.848 in 1999. Moreover, wheat acreage
has become economically more feasible on marginal areas where there is an
influential potential for further yield increases.

Growth Stages and M aturity Categories:

Growth stages of wheat plant are commonly known as seedling, tillering,
jointing, booting, heading, flowering and filling as shown in Figure. The
following is a brief summary for each of whesat stages:
4
1. Seedling — a young plant grown from seed to the stage
Stage one when tillers emerge.
Preflag 2. Tillering — shoots arising from the crown.

3. Jointing — nodes can be felt in the lower position of the

stem but the head is not prominent in the leaf sheath.

~
Stage two [ 4. Booting — the head is prominent inside the upper leaf
Early Boot | sheath and the flag leaf is developed.
(5. Headi ng — spikes are emerging but pollination has not
Stagethree begun.
L ate Boot 6. Flowering — florets open and pollen is shedding
(anthesis).

7. Filling — the fertilized ovary is enlarging and the kernel
assumes full size.
Stagefour  ——~. Milk — endosperm can be squeezed from the kernel as a

white liquid.
Stagefive ~ =——=> Soft dough — endosperm is becoming firm.
Stage six ——~ Hard dough - endosperm is firm and the kernel

changing color.
Stageseven ——8. Mature seed — kernd is firm and contains 35% or less
moisture.
9. Fully ripe—kernel has about 12.5 % moisture.



Wheat Growing Days Required from Seed to Seed:

The number of growing days required for wheat cultivars to reach maturity
varies depending on (1) variety , (2) date of seeding , (3) temperature, (4)
moisture and fertility conditions . High temperatures and drought tend to
force early heading . Seeding too late may force the crop into early heading
and maturity , resulting in decreasing crop yield.

In general , the approximate growing days required from seed to seed for the
majority of the commercially grown varieties is 170 days . However , days
required from emergence to heading ranges between 70-90 days and 70-80
days required from heading to ripe stage.

The earliest variety Sids 4 requires 140 days from seed to seed . Sakha 61
requires 155 days.

Table (6) indicates the required days from seeding to reach various growth
stages and development of the wheat plant under Egypt,s conditions.

Table F-2: Main characteristics of the currently grown bread wheat

cultivars
Cultivars | Number | Number 1000- Actual Harvest
of of kernels kernel yield index
spikes Ispike weight t/ha (%)
/m2 (gm)
Sakha 8 350-450 50 42 5.0 32
Sakha 61 300-400 50 52 6.0 33
Sakha 69 350-450 50 48 6.3 32
Sakha 93 350-450 60 50 6.5 35
Giza 164 350-450 55 44 6.0 33
Giza 165 350-450 57 47 6.3 32
Giza 168 350-450 60 48 6.5 37
Sids 1 450-550 50 48 6.7 32
Gemmeiza5 | 450-550 55 48 6.7 33
Sids 4 220-250 80 63 7.0 38
Sids 6 220-250 80 65 7.0 35
Sids 7 220-250 80 65 7.0 35
Gemmeiza7 | 350-450 70 52 7.5 35
Gemmeiza9 | 400-500 65 52 7.5 32
Harvest index = Grain Yield X 100

Biological (Gross) Yield = Grain yield + Straw yield .

Biological (Gross) Yield




Source: Research Stations Data and Wheat Research Section, Field Crops Research Institute, ARC,
MOALR, Egypt.

Table F-3: Main characteristics of the currently grown durum
wheat cultivars

Cultivars | Number Number 1000- Actual Harvest
of of kernels kernel yield index
spikes Ispike weight t/ha (%)
/m2 (gm)
Beni-suef 1 | 300-320 50 57 6.3 34
Beni-suef 3 | 320-360 53 53 6.3 36
Sohag-2 320-380 50 58 6.3 34
Sohag-3 300-350 50 60 6.0 36
Harvest index = Grain Yield X 100

Biological (Gross) Yield

Biological (Gross) Yield = Grain yield + Straw yield .

Source: Research Stations Data and Wheat Research Section, Field Crops Research Institute, ARC,
MOALR, Egypt.




Table F-4: Growth stages of the wheat plant and number of days from

seeding to reach each stage.

Growth stages Number of days from seeding
(— Germination 5-10
Stage 1 Seedling 11-25
Tillering 26-50
(__Jointing (stem elongation) | 51-70
Stage2 [ Booting 71-80
Stage 3 [ Headi ng (ear emergence) | 81-100
Flowering (anthesis) 101-115
" Filling
Stage4 =——> Milk 116-130
StageS ==> soft dough 131-150
(physiological maturity)
Stage6 =—> Hard dough 151-165
Stage 7 ==> Mature seed 166-170
Fully ripe >170

Source: Wheat Research Section, Field Crops Research Institute, ARC, MOALR, Egypt.




ANNEX G: WHEAT YIELD FORECASTING RECOMMENDED TRAINING
PROGRAM



Recommended Training Program
Basic Skills Training

This three part program is designed to provide training for staff in statistical organizations
with emphasis on MALR, and to introduce data users to statistics as a valuable tool for
planning and decision making. The Statistics training includes four courses and will equip
staff in statistics offices to design surveys; select samples; train staff; collect, process and
analyze data; make estimates and submit them to higher levels. Course four is for mangers
and decison makers. The second component has four courses in advance training in
applied objective yield survey design and operation. The third component is training in
wheat pant characteristics and growth habits, Components two and three are primarily for
survey field enumerators and laboratory staff. District and village level officers can also
benefit from the training.

The statistics courses are designed to provide general training in applied agricultura
statistics. Although each course is a unit, they should be taken in sequence. All existing
staff in MALR with responsibility for statistical program support, should complete
statistics courses one, two and three. Course four is for managers and policy makers. New
employees should be enrolled in the courses as soon as feasible after coming on board.

The advanced training in objective yield survey design and operation is for agricultural
engineers with responsibility for wheat yield surveys. Although the design concepts of all
objective surveys bear some similarity, the operational procedures are crop specific. The
statistics courses cover the design concepts and operational methodology of various types
of surveysin ageneral way. These courses focus specifically on wheat surveys.

The agronomic training is designed to give field staff a better understanding of basic plant
physiology, growth habits developmental stages and factors affecting productivity. All
agricultural engineers involved in survey field and laboratory work should complete this
training.

Statistics Component

The statistics program includes four courses. Instructions are given through classroom
lectures, discussions, exercises and field trips for demonstrations and observations.
Courses one and three can each be completed in 25 hours; course two requires 50 hours,
and course four is designed for 10 hours. Table (xx) below shows details of the subject
matter covered in these courses.

Course One, Introduction to Statistics - Reviews the current system for collecting and
disseminating statistics with emphasis on agricultural statistics. Review different kinds of
surveys and their requirements and uses. Looks at the changing needs for statistics and the
role of governments in meeting the need.




Course Two, Sampling and Methods of Statistics - Covers the principles and methods of
survey design, sampling; data collection, processing, analysis, review and dissemination,
and data quality.

Course Three, Operation of Statistical Systems - Applies the principles and methods of
course two to design and develop operational plans for a demonstration survey.

Course Four, Data Needs, Uses and Standards - Reviews statistical systems, coordination
and standards; statistics as a decison making tool; and, the impact of accurate or
(inaccurate) statistics on government and private sector decision making.

Table G-1: Statistics Training, Course Outlineand Training Topics
Course One

I ntroduction to Statistics

Importance of statistics

Terms and definitions

Uses of statistics

Benefits to farmers, government, and private sector

Types of surveys

Sample surveys

Censuses

Research and case studies

Sampling

Survey procedures

Data collection

Data processing

Reviewing and editing data

Norma distribution and histograms

Frequency distribution

Data handling procedures

Using survey data

Importance of accuracy

Forms and instructions

| nterviewing techniques

Probing techniques

Developing relationships with farmers

Confidentiality of survey data




Table G-2: Statistics Training, Course Outlineand Training Topics
Course Two

Sampling and Methods of Statistics

Key terms and definitions

Types of surveys

Sample surveys

Censuses

Sampling frames

Constructing and maintaining frames

Sampling methods

Choosing the proper sampling method

Steps in selecting a sample

Subjective surveys

Area surveys

Cost of production and household surveys

Objective surveys

Crop cutting

Surveying for forecasting

Survey design

Determining what information to gather

Sample design

Field survey procedures

Training

Data processing

Data review and editing

Data analysis

Using survey data

Computing survey indications

Computing variances

Sampling error

Non-sampling error

Making inferences from survey data

Importance of timeliness

Managing the survey process

Storing and preserving survey data

Equipment needs




Table G-3: Statistics Training, Course Outlineand Training Topics
Course Three

Survey Design and Operation

Survey design

Equipment needs

Sample design

Sample selection

Forms and Instruction manuals

Training

Survey operation

Data handling, processing, summary, and analysis

Critique the process

Table G-4: Statistics Training, Course Outline and Training Topics - Cour se Four

Data Needs, Uses, and Standards

Who needs statistics

Uses of statistics

Understanding the process

Sample surveys

Censuses

Forecasts vs estimates

Importance of accuracy

Importance of timeliness

Storing and preserving data

Responsibility for statistical systems

Statistical standards

Data integrity

Support for statistics

Budgetary considerations

Political implications




Objective Yield Survey Procedures Component

The objective yield survey procedures component includes four courses. Courses one, two
and three target specific groups of the staffs working with objective yield surveys. Course
four is advanced training for staff who analyze survey data and make forecasts and
estimates based on the data. There is some overlap of subject matter between this
component and the statistics courses outlined above. The statistics courses treat the
subject matter in a genera way, and this component focuses narrowly on objective yield
survey applications. These courses do not eliminate the need for annual objective yield
survey training, but will reduce the length and intensity of the annual survey training.
Table (xx) below shows details of the subject matter covered by these courses.

Course one and course four require 16 hours for completion. Courses two and three can
be completed in eight hours.

Course One, for Enumerators - This course is for all field enumerators and supervisors. It
is aso recommended for engineers responsible for the survey laboratory activities and data
anayzers.

Course Two, for Field Supervisors - Requisite, Course One. Covers supervisor
responsibilities, controlling non-sampling error, and report writing. Reviews agriculture
policy that needs reliable and timely statistics for informed decision making.

Course Three, for Laboratory Staff and Field Supervisors - In addition to laboratory
procedures and equipment, this course covers the importance of precison and specia
counts and measurements for yield forecasting research.

Course Four, for Data Analysts - Requisite, Course One, Two or Three, reviews different
sampling methods and covers the principle steps in the methods used for selecting samples
for forecasting surveys. Covers data review and analysis, the different estimators
(indications) that can be computed from the survey data, sources of sampling and non-
sampling error, and making forecasts and estimates from survey data.




Table G-5: Survey Procedures Training - Course Outlineand Training
Topics

Course One

Terms and definitions

Benefits of forecasts

Why objective yield

Sample selection

Cluster selection

Parcel selection

Field sdection

Plot location

Field survey procedures

Equipment need, uses and care

Basic plant physiology

Factors affecting yield

Data collection — counts and measurements

Maturity stages

Forms

First field vigt - late January

Second field visit — late February

Third field visit - late March

Fourth field visit — late April

Harvest yield

Post harvest gleaning

Problems, constraints and solutions

Course Two

Wheat yield forecasting and agricultura Policy

The main job of supervisors

Data evaluation

Types of error

Reducing non-sampling error

Understanding sampling error

Scheduling work

managing people

How to write areport

Importance of consistency of operations across governorates

CourseThree

Importance of laboratory measurements

Data collection and information flow

Importance of precision




Implications of small laboratory errors

Laboratory forms

Instruction manuals

L aboratory equipment

Handling field samples

Counts and measurements

Special measurements for forecasting research

Course Four

Review and theory of sampling

Simple random sampling

Stratified random sampling

Multistage random sampling

Systematic random sampling

Advantages of different sampling methods

Principa steps in sample selection

Regression estimates

Ratio estimates

Crop cutting - design and procedures

Crop yield forecasting

Sample design

Survey procedures

Data summary and analysis

Regression models

Survival ratio models

Biologica yield

Economicd yield

Net yield

Total production

Analysis of variance

Standard error of estimates

Types of error

Sampling error

Non-sampling error

Evaluation of forecasts

Managing the process

Making inferences from sample data

Area surveys and estimates

Data integrity

Storing and preserving data

Policy and political considerations




Agronomic Component

Much of the proposed agronomic training can be accomplished through participation in
regularly scheduled field days at agricultural research stations. Research stations conduct
field days several times each year to showcase the results of their research and plant
breeding programs. Through these sessions, the new technology is transferred to the
production level through the agricultural extension agents. Information on new varieties,
cultural methods, enhancements and constraints to productivity, and other changes is
disseminated at these field days. By taking part in this program, MALR agricultural
engineers can increase their knowledge of plant culture and stay abreast of changes in
varieties being grown and agricultural practices. Additional crop specific training on
growth habits and plant development stages can be arranged through the research stations
to complement the survey procedures training for objective surveys.

The intensity of this kind of training can be reduced as the staffs become knowledgeable
about plant characteristics and growth habits, but will never disappear completely. New
employees need the training and al agricultural engineers responsible for survey field and
|aboratory work need periodic refresher courses.



ANNEX H: WHEAT YIELD FORECASTING FIIELD TRIP REPORTS



Report of the First Field Visit (Summary of Activities)
L ate Ten Days of January 2000

Objective of the visit:

rPOODNE

Enumerator training in the Governorate of the study.

Layout plots within samples.

Data collection.

Link between Agriculture Research Station and the Statistical Offices of the
Governorates.

Achievements of the visit:

Table (H-1) summarizes the achievements of the period from January 22" till
February 7", 2000.

Main points are explained as follows: -

A. Training:

1. Technical aspects of wheat plant conducted by wheat researchers from the

Agriculture Research Station within or close to Governorates of the study.
The training includes a lecture in the Research Station followed by field visit
to the research farm.

The lectures focused on wheat plant characteristics, wheat varieties, growth
stages factors affecting wheat growth and productivity like weather, diseases,
insects, herbs,...etc. Wheat Crop Triangle was aso explained (Number of
spikes, number of kernels per spike and weight of kernels), the trainees
received a written materia in Arabic.

The lecture lasted about 2 hours followed by field training in the Research
Station farm for wheat growth stages and varieties discrimination.

. Statistical training for wheat yield forecasting by the study team members, the

training includes:

- Sample selection.

- Diagram of parcels and fields randomly selected, dimension
measurements.

- Locating plot within fields randomly.

- Plot layout, 60cm x 60cm for count area and 60cm x 60cm for clip area.
Determination of clip areas, 30cm x 20cm.

- How to determine the code of wheat maturity stages, (1) Pre flag, (2) Flag
and early boot, (3) Late boot or flower stage, (4) Milk stage, (5) Soft
dough stage, (7) Ripe stage.

- Data callection by form (B), Stalk number, late boot numbers, emerged
head number, in count area.

- Answer questions of the trainees (enumerators) suggest solutions for some
problems that they may face during the data collection. After the lecture,
the trainees applied the training on sample fields of the study, and started
to do their job under supervision of the supervisors and everybody
received a work manual in Arabic.



B. Layout plotsand data collection:

After each training, the team started to layout plots and collect data, the work was
done according to the previously scheduled plan as mentioned in table (H-1)
except for Beheira and New lands because of bad weather and heavy rains.
During this period, the team members supervised all steps of sampling starting
from cluster (PSU) selection, random selection of 2 wheat parcels within cluster
(one field within parcel), random location of 2 plots within field and layout the
plots and data collection.

The maturity stages of wheat during this visit were ranged between code 1 and 2.
Therefore, data collection concentrated on stalk numbers.

The most important problems that faced the team during this visit were as follows:

1. Having no map for the primary sampling unit (A cluster of about 200 Feddan
of cultivated area in average) made it very difficult for us to reach the selected
wheat parcels, as happened before in Fayoum district, Monshaat Abdallah,
cluster number 268 Hode El-Zore, wheat parcel of the cultivator Ramadan
Mohamed Ismail (January 22, 2000). In Sharikia governorate, Dyarb Nigm
district, Magaffif village, cluster number 84 Hode Gharby 2, parcel of the
cultivator Ahmed Mohamed Ismail,, we discovered that they met the selected
name but not the one in the selected cluster (instead of the proper wheat
parcel). We think that this wouldn’t happen if they used the survey list (form
3) and a map of the selected cluster and selected parcels within cluster was
available.

2. Another reason for not obtaining the needed information easily was that the
names of the selected wheat parcels were for the owners not for the cultivators
of the crop.

3. The fields, which are not properly divided according to field dimensions, are
considered a problem. It is essential to train the enumerators on how to divide
parcels to fields, field dimensions, and random selection to locate plots, using
diagrams and field sketches.

4. Ditches width, which divide parcels into fields, should be reconsidered to be
25 cm instead of 50 cm used for crop cutting in wheat forecasting.

5. The enumerators need to be trained very well on locating and layout the plots
using frames and other equipment and on how to count without damaging the
plants.

6. To prevent stalks damage, no more than two enumerators have to be inside the
field to layout and count the stalks.

7. There were some problems with maturity stages, especially between pre-flag
(code 1) and flag (code 2) stages.

8. It is better to start plots layout by the beginning of January. Stalks may be
damaged partially and determining stalks belonging to the plot precisely may
be difficult if plots layout took place in late January (about 50% of the sample
was in maturity stage 2 in late January).

9. Some difficulties with diseases identification and herbage.

10. Difficulties to obtain information from the selected cultivator in the sample as
he was usually not available during the visit.



11. Not enough cooperation between the local agricultural staff and the
forecasting enumerators.

12. A new designed forms for collecting wheat forecasting data should be
generated with clear instructions, as the old ones are not suitable.

13. The Lab equipment are insufficient especially the electronic balances, ovens
and humidity measurement equipment.

14. Bad weather could affect and prevent conducting the field work as happened
before in Noubaria on the 26™ of January.

C. Suggestions.

- Moretechnical and statistical training for the enumerators.

- Field training by both the wheat researchers and the Forecasting Station.

- Using different flag colors to distinguish between plot (1) and plot (2)
within the field.

- Usean ID card for every plot written with graphic pencil.

- Provide enumerators with forecasting equipment.

- Supervisors should supervise al sampling stages starting from the
cultivator surveys, parcels and fields selection, plot location and layout, to
data collection...etc.

- Design new forms for collecting data and lab measurements.

The team has designed new 5 forms (in Arabic):

agprp®ODNRE
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Form (A) for cluster mapping and parcel diagram.

Form (B) for stalk, late boot, emerged heads count, and clip area...€tc.
Form (C-1) for lab, clip area sample.

Form (C-2) for lab, harvest count area data and lab measurements.
Form (E) Post-harvest gleaning.

. Reaults;

Table from (H-1) shows the results of the first visit (late January) for the governorates
of the study (6 governorates), the most important variable is the stalk numbers for
about 110 plots.



Training Plan and First Visit Achievements of the Study Team during the Period

Table (H-1): Wheat Forecasting 2000

from 22 January — 7 February 2000

Date Governorate & Subject of Training & Field Work Trainers
Agric. Research Achievements
Station
22 Jan. Fayoum Explain form B and data collection, Dr. Morsi
layout samples of Fayoum district. Dr. Ramzi
23 Jan. Sedse, Agric. Technical training on wheat crop, Dr. Abdel Salam
Research Station maturity stages varieties...etc. by Dr. Saied Khalil
whest researchers. Mr. Agati
Trainees. Fayoum enumerators.
24 Jan. Assuit Technical training on wheat (crop) Dr. Morsi
plant. Explain form B for data Dr. Ramzi
collection, field training in Assuit Dr. Mousa Girgis
district. Mr. Abdel Razic
Mr. Agati
25 Jan. Layout and data collection of Dyrout
district samples.
Trainees: Assuit enumerators.
27 Jan. Noubaria, Agric Technical training on wheat plant. Dr. Morsi
Research Station. Explain form B for data collection and | Dr. Mostafa Asab
sampling. Dr. Ramzi
Trainees: Beheira, Busttan and Amerya | Mr. Abed
enumerators. Mr. Agati
28, 29 Jan. | Beheira, New
Lands Field training was postponed as a result
of bad westher.
30 Jan. Sakha, Agric. Technical training on wheat plant. Dr. Morsi
Research Station Explain form B for data collectionand | Dr. Abdel Salam
sampling techniques. Dr. Omar
Field training in Kafr El-Sheikh Dr. Ramzi
district. Mr. Sied
Mr. Agati
31 Jan. Kafr El-Sheikh Layout samples of sidi Salem district
and data collection
Trainees. Kafr El-Sheikh enumerators.
1 Feb. Gemmiza, Agric. Technical training on wheat plant. Dr. Mostafa El-
Research Station Sampling techniques, wheat Minoufi
forecasting, data collections by form B. | Dr. Ramzi
Trainees: Gharbia & Sharkia Dr. Asaad
enumerators. Field training in Zefta Mr. Abed
district. Mr. Agati
Layout samplesin Tanta & Zefta
2 Feb. Gharbia districts.
3 Feb. Sharkia Layout and collect data of al samples Dr. Morsi
of Zagazig & Dyarb Nigm districtsin Dr. Ramzi
Sharkia governorate. Dr. M. Abed
5-6 Feb. Beheira Layout and collect data of al samples Dr. Morsi
of Damanhour & Delengat districts. Dr. Ramzi
Mr. Saied Gad El-
7 Feb. New Lands, Layout and collect data of al samples Moula

Busttan & Amerya

of Busttan & Ameryain New Lands.




Report of Second Field Visit (Summary of Activities)
Late January, 2000 (22 February — first of March)

Objectives of the visit:

Training.

Data collection for the second visit.

Supervision of the field work.

Link between wheat researcher and the teamwork.

PN PR

Achievements of the second visit:

Table (H-2) summarizes the achievements of the second visit from 22 February to
first of March, 2000, for the governorate of the study.

Main points are as follows:
A. Training:

- Explain the instructions of the second visit and the use of new form (B) for
data collection, stalks number, late boot spikes, emerged heads, clipping
areas...€tc.

- Fed training for data collection under the supervision of the team and
wheat researchers including determination of wheat maturity stages, wheat
varieties discrimination, diseases and insects affect on wheat crop, the
main herbs which grows within wheat crop, stalks, late boot, emerged
heads count, clipping areas, emerged head sample...etc.

- Traning of the supervisors to follow up fieldwork of the enumerator and
how to write useful reports.

- Train the lab staff on sample measurements from clipping areas, weight of
emerged heads, count of fertile spikelets, sterile spikelets...etc.

B. Data Collection:

Under the supervision of the teamwork the enumerators collect data of form (B) for
all samplesin the governorates of the study. This form includes beside identification
information, (1) method of plantation, (2) unit location, (3) stage of maturity and
count within units, (4) stalks (stems), (5) late boot, (6) emerged heads-detached heads
at harvest, (7) use of maturity code to follow up work, (8) within clip area for
emerged head sample for lab measurements. Also, form (B) includes additional
information about wheat plant height, flag leaf length and width and information
about main factors affecting wheat yield.

About fifty percent of the sample in the second visit was in the late boot or flower
stage (code 3), therefore, we used clip areas number (1), and the rest was in flag stage
(code 2). Table (H-2) shows the results of the data collected and |ab measurements.



C. Problems;

7.

8.

Irrigated fields make it very difficult to collect data on the same day of visit as
happened before in a field in Dyarb Nigm district, Mogaffif village. Ahmed
Mohamed Ismail field on February 28 and in Delengat district, Tiba village in the
field of the farmer lbrahim Afifi Ghanem. On February 29, we had to stay a
couple of days more until we could get inside the field.

Most of identification information written on colored flags for plots were omitted,
it is better to write such information with graphic pencil or by a fixed flomaster
pen.

Some plot remarks were broken.

Only one field in Mogaffif village, cultivator Ismail pulled out stalks and flags, the
plots layout had to be done again.

Some stalks were destroyed during the area count and within field, no more than
two enumerators should get into the field

After maturity stage (3), there were some difficulties to split the unit to clip area
or count area to 4 areas to facilitate counts. It seemed to be more easy and save
with plots that had been divided in previous visits with stalks and strings.

Some mistakes happened in the number of plots between the first and the second
visit.

Bad weather may affect doing proper work in proper time.

D. Remarks and Suggestions:

12.
13.
14.
15.
16.
17.

It is better for the enumerator to have equipment in small bag.

It is better to ask the cultivator about the irrigation data to avoid visiting in an
unsuitable time.

It is better to layout unit (1) in the first half of the field randomly and unit (2) in
the second half of the field randomly.

Use a colored red flag for unit (1) and a white one for the second unit and write an
ID card for each.

It is better for the enumerator to write identification data for form (B) in the office
before visiting fields, this can save time and prevent many mistakes of
identification.

Management and work organization is very important for perfect work.

Source of seeds is an important question for the cultivator.

It isimportant to follow up all the items of form (B) from item (1) to item (10).
For qualitative questions in item no. (10) it is better to give a degree for every
level.

. Modify form (B) as aresult of visit (2) remarks.
. What could we do when clip area is blank? Could we take another one from

outside the unit?

The sterile spikelets usually at the base of the spike.

Some hormones, like T4D, of herbs affect spikes.

Diseases appear more often in fields cultivated with seeds by cultivators.

We have to design ID tag for lab sample.

More training for lab staff, more equipment is needed.

Enumerators in governorates are ready to have more training and more education
on forecasting.



Table (H-2): Wheat Forecasting 2000
Training Plan and Second Visit Achievements of the Study Team during the

Period from 22 February — 1 March 2000

Date Governorate & Subject of Training & Field Work Trainers
Agric. Research Achievements
Station
22 Feb. Fayoum Explain the new form B to collect data | Dr. Morsi
for the second visit. Dr. Ramzi
Field training on maturity stages, Mr. Sed
stalks, late boot, emerged heads Mr. Agati
counting, clipping, in Fayoum district.
23 Feb. Assuit Same training plusfield training in Dr. Morsi
both Assuit & Dyrout districts. Dr, Ramzi
Mr. Abdel Razic
Mr. Agati
Dr. Mousa Girgis
26 Feb. Kafr El-Sheikh Same training, fieldwork in Sidi Dr. Morsi
Salem district. Dr, Ramzi
Mr. Agati
27 Feb. Kafr El-Sheikh Data collection of Kafr El-Sheikh Mr. Abed
district samples.
27 Feb. Gharbia Same training, collect data of Tanta Dr. Ramzi
district samples. Dr. Asaad
Mr. Agati
28 Feb. Gharbia Data collection of Zefta district.
28 Feb. Sharkia Same training, collect data of Dyarb Dr. Ramzi
Nigm district samples. Dr. Asaad
Mr. Abed
29 Feb. Sharkia Collect data of Zagazig district
samples.
29 Feb. Beheira Same training plus collecting data of Dr. Morsi
Damanhour & Delengat districts. Dr. Ramzi
Dr. M. Asab
1 March Noubaria Same training plus collecting data of Mr. Abdel-Razik
Busttan & Amerya New Lands Mr. Saied G. El-
samples. Moula




Report of the Third Field Visit (Summary of Activities)
March /April, 2000

1st) Objectivesof the Visit

1- Training

2- Datacollection for the third visit

3- Supervision of the field work

4- Link between wheat research and the teamwork

2nd) Achievementsof the Third Visit

The training schedule for March was dlightly different from the previous month due to wheat
maturity stages. Field activities for March stated in Kafr El Sheikh on 23 of March and ended
on April 02 in Nubaria. Table (H-3) summarizes the achievements of the third visit.

The March training concentrated on the maturity stages (milk and soft dough) from both
technical and data collection sights, using adjusted new Form B developed since the February
field work was completed. ID Card was developed for laboratory samples. The training
includes how to determine the maturity stages, how to count emerged heads in count areas
and clip stemsin clip areas, how to avoid plant damage and be sure to fill al Form (B) data.

Form (B) in this visit has the same items of the previous visit but with better organizations
and definition of questions.

Most of the sample fields (about 60%) were in the milk and soft dough stages at the time of
the late March visit. About 40% still in the flowering stage specially in Sharkia and Fayoum.
Clip area number 2 was harvest for samplesin maturity stage 4 or 5.

The trainers emphasize the trainees to collect al data that had not been collected in the
previous visits concerning the main factors affecting wheat yield samples, as previous crop,
seed source and rate, planting date and method, variety, irrigation, fertilizer, weeds, insects,
diseasss, ...... etc.

| mproved seeds may increase yield by 3-4 Ardab/Feddan.

Variety Sakha 69 is the common variety which cultivators prefer to cultivate because his wide
adaptability alover the country (not less than 60% of wheat total ared). It's potentia yield is
about 20 Ardab/Feddan. Under Cultivator circumstances, the yield may decrease to about 18
Ardab/Feddan.

Planting date: Early planting, means early flowering with February cold which affect spikes,
increase sterile spikelets, some was seen in Sidi Salem district in Kafr EI Sheikh and in
Fayoum district in Fayoum governorate.



Weather: We can not control weather but other factors like irrigation, fertilizer, ... etc.
Stormy wind blew on 23" of March made wheat plant lodging in some fields specialy that
were irrigated soon.

Yellow Rust Spots were detected in some fields within some governorates (Kafr El Sheikh,
Sharkia, and Assuit). It will not affect the yield so much due to late infestation and high
temperature (yellow rust could decrease wheat yield by about 20% at the beginning of
infection, and about 70% after one week).

Lab Saff Training: Lab staff in both Gharbia and Assuit had specia training on sample
measurements, explain Form C-1, conduct a practical sample, using electronic scales and
special lab equipment.

Assuit’ lab staff were told to conduct a specia research raised by Dr. Abdel Salam and
Dr. Mossa (wheat researchers) to test the equality with the final yield. Also to test the
possibility of drying spike samples to facilitate kernels counting.

3rd) Problemsand M odification

1- All stakes of some plots were pulled out. Solution: layout the plot in the same
location. Increase the cultivator’ s awareness to protect plots.

2- Wheat plant damage within sample demonstration training plots. Solution: do not use
sample plots for demonstration training. Use separate additiona plots.

3- Difficulties in finding plots within fields because the colored flags were not found or
they were too short to appear. Solution: use strong and taller color flags beyond south
west corner of the plot by one meter.

4- Stem damages when dividing plots for counting and clipping. Solution: mark and
divide both counting and clipping areas during the first visit in January when plots and
stems are short, use white colored plastic strip (string).

5- Difficulties in finding sample parcels and fields in new lands because of large wheat
cultivated areas and similarity of all parcels. Solution: good diagram (kroke) for
selected areas, fields, and plots within fields. Stratified multistage sampling in new
lands must be modified.

6- Difficulties of obtaining cultivator’ information or interview. Solution: make a special
visit or interview to the cultivator with previous appointment to obtain all information
needed.

7- There is no oven in the lab of Gharbia. Solution: move one or two ovens of Assuit lab
to Gharbia

8- Governorate enumerators asked for more information on crop forecasting and for new

equipment. Solution: prepare a training program to the second season, one for
enumerators and the other for analyzers. Renew and buy new equipment.



Table (H-3): Wheat Yield Forecasting
Training Plan and Summary of Third Field Visit Activities
23"% of March — 6™ of April, 2000

Date

Governorate

Trainersand
Supervisors

Subject of Training and Fieldwork
Activities

03/23

Kafr El Sheikh

Dr. Mors

Dr. Ramzi

Dr. Abdel Salam
Dr. Mossa Guirguis
Mr. Abed

Mr. Agati

03/25

Sharkia

Dr. Mors
Dr. Ramzi
Dr. Asaad
Mr. Abed
Mr. Agati

03/26

Gharbia

Dr. Mors
Dr. Ramzi
Dr. Asaad
Mr. Abed
Mr. Agati

03/28

Fayoum

Dr. Mors

Dr. Ramzi

Dr. Sayed Khalil
Mr. Gad El Mowla
Mr. Agati

03/30

Assuit

Dr. Mors
Dr. Ramzi
Dr. Mossa Guirguis
Mr. Gad El Mowla
Mr. Agati

04/01

Behaira

Dr. Morsi

Dr. Ramzi

Dr. Mostafa Azab
Mr. Gad EL Mowla
Mr. Agati

04/02

Nubaria

Dr. Morsi

Dr. Ramzi

Dr. Mostafa Azab
Mr. Gad EL Mowla
Mr. Agati

Explain modified Form (B) for data
collection of the third visit.

Explain wheat maturity stages.

Count emerged heads and late boot heads in
counting area.

Clipping samples (field work).

Technical training on wheat maturity stages
(milk and soft), wheat diseases, insects and
factors affect wheat plant in these stages.
Answer all questions raised by enumerators
during field work.
Trainees. About 50 trainees for all
governorates (8 each).




Report of the Forth Field Visit (Summary of Activities)
April - May, 2000

Objectives

1- Training field enumerators and laboratory staff.

2- Data collection for the fourth visit.

3- Count area harvest in maturity stages6 or 7.

4- Supervision of the field work.

5- Promoting teamwork between the wheat researchers and the sampling offices.

Achievements
The training schedule for April was largely different from the previous month due to count
area harvesting in about 78% of the sample plots due to maturity stages hard dough (6) and

ripe (7).

The April training concentrated on harvesting count area in wheat crop maturity stages 6 and
7 from both a technical and data collection viewpoint, using Form (B). An ID Card of
harvesting was developed to record number of clipped heads. The training concentrated on
how to determine the maturity stages of plot harvest count and clip mature heads in count
areas. Clip area number three was harvested for samples in maturity stages 4 or 5.
Enumerators were encouraged to take care in recording counts and harvesting before leaving
the sample field. Also they were told how to conduct post-harvest gleaning of wheat crop in
the same sample fields.

Lab staff in both Gharbia and Assuit had specia training on sample counts, harvest of count
areas, using forms (C-1), (C-2), and (C-3), using the electronic scales, ovens for drying
samples. They also had a live practice with processing wheat threshing, kernel separation and
moisture content measurements (see table H-4).

Observation, Comments, and Problems

1- Some sample cultivators had harvested wheat crop in maturity stage (5) soft dough (to
plant paddy), let it dry under sun in the field. We had to harvest our sample with high
moisture content. But spike peduncle and plant leafs become yellow.

Solution: No problem if harvest samples were dried enough by oven to measure moisture
content. Wheat researchers said that if the spike peduncle was dries we can harvest
because there is no more starch precipitation, it is just more moisture content in the grains.

2- Vegetables planted under wheat crop need continuous irrigation. Ripened wheat grains
seems to be in the soft dough stage with high humidity (Dayrout El Sherif — Assuit).
Solution: Look carefully to the spike peduncle and the wheat plant leafs and if it were
yellow then harvest count area, put it in the oven till dry, then thresh and weight ... etc.

3- Some green spikes appear within the harvest visit in plot sample due to plant lodging or
plant damage.
Solution: Count and harvest al and write in the form (B) and ID Card remarks number of
the not mature spikes for these reasons.

4- Damage of sample plots used for demonstration training.
Solution: Use additional and separated sample plots for demonstrations.



5-

6-

7-

Sample plot destroyed by cultivator.
Solution: Explain objective of plot sample to cultivators and ask them not to destroy or
damage or pullout stakes of plots.

Spend much time searching for sample field.
Solution: Maps for primary sampling units (clusters) determine selected parcels and fields.

Post-harvest gleanings before cultivator take out wheat crop from the field.
Solution: Take harvest loss after cultivator harvesting, take out and pick up remain spikes
under the ground. The enumerator should ask the cultivator for that.

Special Problemsfor Lab

With the gleaning of plot harvest in maturity stages 6 and 7, both labs of Gharbia and Assuit
have to work hard.

1-

2-

Too much work in short period, some times to work for 24 hours per day.
Solution: Train more people for lab work.

Lack of equipment makes work difficult specially for threshing the crop and drying
samples.

Solution: Buy small thresher machine for every lab and a laser measurement equipment of
moisture content instead of ovens.

Lab receives samples too late from other governorates.
Solution: Organize sending samples from other governorates to the lab center.

Receiving destroyed samples affect the accuracy of measurements (stalks number, grains
per spike ...etc.)

Solution: Use suitable bags for samples, handle with care, ask enumerators to put spikes
with the right way.

Grains waste (lose) during sample clipping and harvesting specially with Durum wheat
and Sakha 69 varieties.

Solution: Do not leave samples without harvesting till dead ripe stage. Samples should be
harvested in hard dough stage (6) or in ripe stage (7). Also spikes must be handled with
care, and you must collect any lost grains.



Table (H-4): Wheat Yield Forecasting
Training Plan and Summary of Fourth Field Visit Activities
April 22 —May 02, 2000

Date

Governorate

Trainersand
Supervisors

Subject of Training and Fieldwork
Activities

04/22

04/23

Kafr El Sheikh

Dr. Mors

Mr. T.J

Dr. Ramzi

Mr. Abed

Mr. Agati

Dr. Mossa Guirguis
(Wheat Researcher)
Mr. Abed

04/24

04/25

Gharbia

Dr. Ramzi
Mr. Abed
Mr. Agati
Dr. Asaad
(Wheat Researcher)
Mr. Abed

04/25

05/02

Behaira

Dr. Mors

Mr. T.J

Dr. Ramzi

Mr. Gad El Mowla
Mr. Abdel Razik
Dr. Mostafa Azab
(Wheat Researcher)
Mr. Gad El Mowla

04/25

Sharkia

Mr. Abed
Mr. Agati
Dr. Asaad
(Wheat Researcher)

04/27

Fayoum

Dr. Mors

Mr. T.J

Dr. Ramzi

Mr. Gad El Mowla
Mr. Agati

Dr. Sayed Khalil
(Wheat Researcher)

04/28-
04/30

Assuit

Dr. Mors

Mr. T.J

Dr. Ramzi

Mr. Gad EL Mowla
Mr. Abdel Razik
Mr. Agati

Dr. Mossa Guirguis
(Wheat Researcher)

05/02

Nubaria

Dr. Mors

Mr. T.J

Dr. Ramzi

Mr. Abdel Razik

D. Mostafa Azab
(Wheat Researcher)

A- Office and field work training includes:
- Statistical and technical training on
wheat maturity stages 6 (hard dough)
and 7 (ripe).
- Count and harvest wheat samples.
- Record data on form (B) and ID
Harvest Card.

B- Specid training for lab staff, 5 in
Gharbia and 3 in Assuit.
Count and check gspikes received,
numbers, weight, thresh, weight before
and after drying, proper use of ovens,
count kernels per spike ... etc.
Record data on forms C-1, C-2 and C-3

C- Post-harvest gleaning training on how
to collect and record on form (E), and
lab measurements.




Harvest Visit
Maturity Categories6 and 7 (Hard Dough & Ripe)

Actual number of heads and actual head weight are used to calculate gross yield per area. The
following final lab data and gleaning measurements of post harvest grain, are obtained for a
plot:

* Number of emerged heads, detached heads, and heads in late boot =132.7
* Number of head threshed =131.9
* Threshed weight of kernels (12.5%)* moisture content =245.2 gm.
* Post-harvest gleaning kernels 12.5% = 24gm.

Calculate weight per head, gross yield per feddan, harvest loss and net yield:

* Weight per head = (threshed weight of kernels 12.5%)/number of heads threshed
=245.2/131.9 = 1.85898 gm.

* Gross yield per feddan = (number of heads) (weight per head) (conversion factor)

=[(131.9) (1.85898)] [0.07778]

= 19.07 Erdab

* Harvest loss per feddan = weight og threshed kernels 12.5% conversion factor
= (3.38) (0.07778) = 0.26 Erdab/feddan.

* Net yield = grossyield — harvest loss
=19.07 — 0.26 = 18.81 feddan (4200 n)

* Adjusted net yield for utility coefficient of feddan 0.95 of feddan
= (18.81) (0.95) = 17.87 Erdab/feddan (3990 nv)

From plot weight to feddan yield:

4200 m2 (fed./area) 1
Conversion factor = 0.36 m2 (plot areq) 1000 gm. X 150kg. (weight per Erdab)
= 0.07778

* Threshed weight of kernels 12.5%:
= [threshed weight of kernels (1.0 — moisture content)]/0.875



Table (H-5) Harvest Visit
Maturity Categories6 and 7 (Hard Dough & Ripe)

SE (0.05) (0.05)
Item Unit | Average % L ower Uppt_ar
Limit Limit
Number of heads per plot. No. 131.9| 2.68| 124.925| 138.875
Average weight of kernels (12.5% moisture)/lhead | Gm. 1.859 | 3.02 1.746 1.972
Average weight of kernels (12.5% moisture)/plot Gm. 2452 | 3.68 227.34 263.06
Conversion factor from plot to gross yield/feddan | Coeff. | 0.07778 - - -
Gross yield per feddan Erdab 19.07 | 3.68 17.68 20.46
Harvest |oss per feddan Erdab 0.26
Net yield (4200 m’ feddan) Erdab 18.81 17.08 20.20
Utility coefficient of feddan (2990 nt) Coeff. 0.95 -
Adjusted net yield to feddan 3990 nt'. Erdab 17.87 16.23 19.19






